
1. Exposure Data 

1.1 ldentificationof the agent 

1.1.1 Nomenclature 

Chern. Abstr. Serv. Re;}. No.: 1071-83-6 (cDd); 
also relevant: 
38641-94-0 (glyphosate-isopropylam i ne salt) 
40465-66-5 (monoammonium salt) 
69254-40-6(diammoniumsalt) 
34494-03-6 (glyphosate-sodium) 
81591-81-3 (glypha:ate-trimESium) 

G.. YPHCliA lE 

1.1.2 Structural and molecular formulae and 
relative molecular mass 

0:-... OH 
H ~ / 
\ /p""-
N-H2C OH 

I 
CH2 

I 
HO-C 

~ 
0 

Molecular formula: C3H8N05P 
Relative molecular mass: 169.07 

Chern. Abstr. Serv. Name: N-(phosphono
methyl)glycine 

Additional information on chemical struc
ture is also available in the PubChem Compound 

N-(phosphono- database Preferred IUPAC Name: 
methyl)glyci ne 

\ ,;,,;;,;:",:z;;,,;;,c,,,;:,,,;;;;,,;,;;;;, I 

Synonyms: Gliphosate; glyphosate; glypho
sate hydrochloride; glyphosate [calcium, 
copper (2+ ), dilithium, disodium, magne
sium, monoammonium, monopotassium, 
monosodium, sodium, or zinc] salt 

Trcx:e 178/TfS Glyphosate products havebesn 
soldworldwideundernumeroustradenames, 
including: Abundit Extra; Credit; Xtreme; 
Glifonox; Glyphogan; Ground-Up; Rodeo; 
Roundup; Touchdown; Tragli; Wipe Out; 
Yabimat 

1.1.3 Chemical and physical properties of the 
pure substance 

~ription: Glyphosate acid is a colour
less, odourless, crystalline solid. It is 
formulated as a salt consisting of the 
deprotonated acid of glyphosate and 
a cation (isopropylamine, ammon
ium, or sodium), with more than onesalt in 
some formulations. 

Solubility: Thecid is of medium solubility 
at 11.6g/L in water (at25 °C) and insoluble 
in common organic solvents such asacstone, 
ethanol, and xylene; the alkali-metal and 
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IARC MONOGRAPHS -112 

amine salts are readily soluble in water 

Vo/ati/ity:Vapourpre:sure, 1.31 x 1(}2 mPaat 

25 Oc (negligible) \"'"''"m;:;;'";m;'";m;""""";mL:Cc!:;;"""LC';""";;;; 

Stability: Glyphosate is stable to hydrolysis 
in the range of pH 3 to pH 9, and relatively 

stable to photodegradat ion \mccLm;:;;"L;;"";":,"";"";"""'""'""""";;;;;"";;m;"""''"' 

Glyphosate is not readily hydrolysed or 
oxidized in the field ( '"""";~:;~2:!~;~"';;;:;;;";"""""";;;";mccccc;;;;;;""""mmc;ccc;;;'";m'";"m:) 
It decomposes on heating, producing toxic 
fumes that includenitrogenoxidesand phos-
phorus oxidES ,,,m:mmc:c::cm:c;ccccc;:;cccc:ccmccmmmccc J 

Reactivity: Attacks iron and galvanized steel 

CX;tanollwater partition ro:fficient (P): log 
P, < -3.2(pH 2-5,20 °C) (OECD method 107) 

OJnl,ersion faior: Assuming normal temp:r
ature (25 OC) and pre:sure (101 kPa), mg/rl'P 
=6.92x ppm. 

1.1.4 Technical products and impurities 

Glyphosate is formulated as an isopropyl
amine, ammonium, or sodium salt in water
soluble concentrates and water-soluble gran
ulEs. The:llevant impurities in glypha:ate technical 
mncentratesare formaldEtlyce (maximum, 1.3g/kg), 
N-nitra:oglypha:ate (maximum, 1 mg/kg), and N
nitr<ID-N-phasphonomethyl glycine 
Surfactants and sulfuric and phosphoric acids 
may be added to formulationsof glyphosate, with 
type and concentration differingby formulation 
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1.2 Production and use 

1.2.1 Production 

(a) Manufacturing pro~ 

Glyphosate was firstsynthesized in 1950 as 
a potential pharmaceutical compound, but its 
herbicidal activity was not discovered until it 

was re-synthesized and tested in 1970 ,,,;;;":'"'"'""'"'"'";''' 
Thesopropylamine, sodium, 

and ammonium salts were introduced in 1974, 
and thetrimesium (trimethylsulfonium)salt was 
introduced in Spain in 1989. Theriginal patent 
protection expired outside the USA in 1991, and 
within the USA in 2000. Thereaft~roduction 
expanded to other major agrochemical manu
facturers in the USA, Europe, Australia, and 
elsewhere (including large-scale production in 
China), but the leading preparation producer 

remained in the USA \'!::;!£:2:::L:;;;;;;m;;;;";~m;;;;;mmc!::::;;;;;;l;mc;;c;::;;;;;""'"""""'"'''"mm";""''" ,. 
Therare two dominant families of com mer -

cial production of glyphosate, the "alkyl ester" 
pathways, predominant in China, and the 
"iminodiacetic acid" pathways, with imino
diacetic acid produced from iminodiacetonitrile 
(produced from hydrogen cyanide), diethanol 

amine, or chloroaceticacid ''''""""'"";;""'""""""":;;c;;cmc:c:c:cccc;ccc:cccc:;;;;""";;'""""'";"""mm' 

To increase the solubility of technical-grade 
glyphosate acid in water, it is formulated as its 
isopropylamine, monoammonium, potassium, 
sodium or trimesium salts. Most common 
is the 'isopropylamine salt, which is formu
lated as a liquid concentrate (active ingredient, 
5.0--62%), ready-to-use liquid (active ingredient, 
0.5--20%), pre:surized liquid (active ingredient, 
0.75--0.96%), solid (active ingredient, 76-94%), 
or pellet/tablet (active ingredient, 60-83%) 

Therare reportedly more than 750 products 
containing glyphosate for sale in the USA alone 

Formulated products contain 
various non-ionic surfactants, most notably 
polyethyloxylated tallowamine (POEA), to 
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facilitate uptake by plants t;;g~2!S%?~:~ ...... '~ .. J,2s.:!f:\t:g~~, 
Formulations might contain other active 

ingredients, such assimasine, 2,4-dichlorophen
oxyacetic acid (2,4-D), or 4-chloro-2-methyl
phenoxyacetic acid with herbicide 
resistanCE driving demand for new herbicide 
formulations containing multiple active ingredi-
ents \C .•.•.•. :: •.•. ::;;:;:::. •. :::. •. ::::..: •.•. : •. :. .. ::!.: .... ,,,,.,,: .... : ... :':t· 

(b) Production volume 

Glyphosate is reported to be manufactured 
by at least 91 produCErs in 20countries, including 
53 in China, 9 in India, 5 in the USA, and others 
in Australia, Canada, Cyprus, Egypt, Germany, 
Guatemala, Hungary, Israel, Malaysia, Mexico, 
Singapore, Spain, Taiwan (China), Thailand, 
Turkey, the United Kingdom, and Venezuela 

Glyph
osate was registered in over 130 countries as of 
201 Oand is probably the most heavily used herbi
cide in the world, with an annual global produc
tion volume estimated at approximately 600 000 
tonnes in 2008, rising to about 650 000 tonnes in 
2011,and to 720000 tonnes in 2012 \!::2.2"'.! ...... !:C!: .• ~~.L:.: 

Production and use of glyphosate have risen 
dramatically due to the expiry of patent protec
tion (see above), with increased promotion of 
non-till agriculture, and with the introduction 
in 1996 of genetically modifiedglyphosate-tol -
eran t crop varieties G:i;;~;~l'~;',,r;r:::: ........ :::::: ..... ::"::.::::c: ....• :L.::::::::.: •........ :,, .. :~:e .... :.13,1• 

In the USA alone, more than 80 000 tonnes of 
glyphosate were used in 2007 (rising from less 
than 4000 tonnes in 1987) v::::. ...... ! ...... :: .. : ..•..... .l...:::::::: • .z., 

Thisrapid growth rate was also observed in 
Asia, which accounted for 30% of world demand 
for glyphosate in 2012 , .. ..: ...... : .. ~::.:.: .... :::::.t::e.::::: .. : .• ~::: ••. L::::::L ..... ::£ .. :..:c::.tr:,::::::1 

In India, production increased 
from 308 tonnes in 2003-2004, to 2100tonnes in 
2007-2008 \.: .. : .. :. .. : .. : ... :.:.:::..:: .. : .... x. ........ ::::L .• :::::L..!::::::.L!.!.3.::::!::!2::ic •• ~~ ••. ! .• :S~L.~.I ... !..l..1:::5ZL:::::;, 

China currently produces more than 
40% of the global supply of glyphosate, exports 

almost 35% of the global supply '·'······'·''···'··'··'"··'·····'·'··········'"''''····'··'''') 

Glyphosate 

and reportedly hassufficierJbroduction capacity 

to satisfy total global demand ( ····'·····''·'····'·'·······":'"''····'······' 

1.2.2Uses 

Glyphasateisabroad-spe:::trum, post-emergent, 
non-ffiiEdive, systemic herbicide, which effEdively 
kills orsupprex:esall plant types, includinggrcm:s, 
perennials, vines, shrubs, and tre:s. When applied 
at 10\1\er ratEB, glyphasate is a plant-growth re:gulator 
and desia::ant. It has agricultural and non-agricul
turaiL.S:S throughout the world. 

(a) Agriculture 

Glyphosate iseffectiveagainst more than 100 
annual broadleaf weed and grass species, and 
more than 60 perennial weed species ,.:::: ... ::.: .. : ....... ::cs: .•.•• :::: •.• : • .: 

Application rates are about 1.5--2 kg/ha 
for pre-harvest, post-planting, and pre-emer
genCE use; about 4.3 kg/haas a directed spray in 
vines, orchards, pastures, forestry,and industrial 
weed control; and about 2 kg/ha as an aquatic 
herbicide Common application 
methods include broadcast, aerial, spot, and 
directed spray applications ,,,,: ....... :... ... : .. : ...... L~:..:,~::£~c:'' 

Due to its broad-spectrum activity, the 
use of glyphosate in agriculture was formerly 
limited to post-harvest treatments and weed 
control between established rows of tree nut 
and vine crops. Widespread adoption of ~a-till' 
and conservation-till practices (which require 
chemical weed control while reducing soil 
erosion and labour and fuel costs) and the intro
duction of transgenic crop varieties engineered 
to be resistant to glyphosate have transformed 
glyphosate to a post-emergent, selective herbi-

cide for use on annual crops '·'''''"····'''·'·'·"''·······''':: ...... .:.. .... ::::.: .. :.:.::::::::::::,, 
Glyphosate-resistant 

transgenic varieties have been widely adopted 
for the production of corn, cotton, canola, and 
soybean Production 
of such crops accounted for 45% of worldwide 
demand for glyphosate in 2012 \ .... : .... : ... :::z:.:::s:::::;: .. :c::.:: •••• ::t.:' ......... . 

However, in Europe, 
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where the planting of genetically modifiedcrops 
has besn largely restricted, post-harvest treat
ment is still the most common application of 
glyphosate Intense 
and continuous use of glyphosate has led to the 
emergence of resistant weeds that may reduce its 
effect ivenEffi( ,,,,,,,,,~,,,,,,,,,,,,,,,;;;;:;,,,,,,,;:,,,,,,,,,,,;;,,,;;,,,,,,,,,;;;,,,,,,,;;,,,, 

(b) F€sidential ure 

Glyphosate is widely used for household 
weed control throughout the world. In the USA, 
glyphosate was consistently ranked as the second 
most commonly used pesticide (after2,4-D) in 
the home and garden market sector between 
2001 and 2007, with an annual useof2000-4000 
ton nes ,;;,,;,,;,,,,,,,,,,,;;,~;,,,,,,,,. 

(c) Otherures 

Glyphosate was initially used to control 
perennial weeds on ditch banks and roadsides 
and under power lines It is also 
used to control invasive species in aquatic or 
wetland systems Approximately 
1-2% of total glyphosate use in the USA is in 
forest management ,,,,,,,,,,;;:;,,,,,,,,,,,,,,,,,,,,;;;,,,,,,,,7 • 

Glyphosate has besn used in a large-scale 
cerial herbicide-spraying programme begun 
in 2000 to reduce the production of cocaine in 
Colombia and of marijuana in 
Mexico and S:luth America ''"::''"'"'',,,,,,,::,::::::~,,,:::t::,mm:::,:;:,;,,,::,:::;;,, 

(d) R;gulation 

Glyphosate has besn registered for use in 
at least 130 countries In the 
USA, all uses are eligible for registration on the 
basis of a findingthat glyphosate "does not pose 
unreasonable risks or adverseeffectsto humans 
or the environment" A review 
conducted in 2001 in connection with the regis
tration procsss in the European Union reached 
similar conclusionsregardinganimal and human 
safety, although the protection of groundwater 
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during non-crop use was identifiedas requiring 
particular attention in the short term ,,::::,;;;::,.:,,::,:::,:::::::::,:,:. 

NevertheiEffi, as worldwide rates of adoption 
of herbicide-resistant crops and of glyphosate use 
have risen in recsnt years ,.,,:,::c,,,,,,,,,,,,:::::::m;,,,::::,:::,L:::::,;;;,;:;;,:~:::::::::;J 
restriction of glyphosate use has besn enacted or 
proposed in several countries, although docu
mented actions are few. In 2013, the Legislative 
Assembly of El ~lvador voted a ban on the use of 
pesticides containing glyphosate \:,.:::::::::,:::s,::::::,:,::::::::,m::z:.::: 

""''"'''"''"'''·,'·'''"':::,::: .• :.,;;;m::::,::::,,,,,,,"f Sri Lanka is reported to have 
instituted a partial ban based on an increasing 
numberofcasesofchronickidneydiseaseamong 
agricultural workers, but the ban was liftedafter 
2 months ThEeeasOns for 
such actions have included the development of 
resistance among weed species, as well as health 
concerns. 

No limits for occupational exposure were 
identified by the Working Group. 

1.3 Measurement and analysis 

~veral methods exist for the measurement of 
glyphosateand its major metabol iteam i no methyl 
phosphonic acid (AMPA) in various media, 
includingair, water, urine, and serum ,,·''""'''''''',,,,,,.,.,.,,, 
Thanethods largely involve derivatization with 
9-fluorenylmethyl chloro formate (FMOC-CI) 
to reach sufficientretention in chromatographic 
columns ,,,,,;,,;;;;;;;~;,,;,;;;;t,,,;;;;,;.,.,,;;;.;,;,)mm::;;;mm,;.,,;,' ;;;;,;;,,;;;;;;.,;,;;;;,,,,,;;;,;;.:;;,,,.;;,;;,.,;;;;.,;,;,; 

Chromatographic te::hniqUEB that do not 
require c:Erivatization and enzyme-linked immuno
sorbentassays (ELISA) are under development 
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Glyphosate 

Table 1.1 Methods for the analysis of glyphosate 

Sample matrix 

warer 
Assay procedure 

HPLC/MS (with onlinesolid
phcre extraction) 

ELISA 

LC-LC-FD 

Post HPLCcolumn 
derivatization and FD 

Limit of detection 

0.051Jg/L 
0.021J9/L 
6.01Jg/L 

UV visible spectrophotometer 1.1 1-19/L 
435 

HPLC with post-column 
reaction and FD 

ELISA 0.91Jg/L 

Reference 

ELISA, enzyme-linked immunosorbent CffJf:ay; ESI-MS/MS, electrospray tandem mass spectrometry; FD, fluores::ence detection; GC-MS
MID, gas chromatography-massspectrometry in multiple ion detection mode; HI LIC/WAX, hydrophi I ic interaction/weak anion-exchange 
liquid chromatography; HPLC/MS, high-performance liquid chromatography with mass spectrometry; HPLC, high-performance liquid 
chromatography; LC-ESI-MS/MS, liquid chromatography-electrospray-tandem mass spectrometry; LC-LC, coupled-column liquid 
chromatography; LC-MS/MS, liquid chromatography-tandem mass spectrometry 

1.4 Occurrence and exposure 

1.4.1 Exposure 

(a) Occupational exposure (b) Communityexposure 
Studies related to occupational exposure 

to glyphosate have included farmers and trEE 
nursery workers in the USA, forestry workers in 
Canada and Finland, and municipal wEEd-con-

trol workers in the United Kingdom ,.,~c""··'c:·'·'"'·"""''· 

Glyphosate can be found in soil, air, surface 
water, and groundwater Once in 
the environment, glyphosate is adsorbed to soil 
and is broken down by soil microbes to AMPA 

Para-occupational expo
sures to glyphosate have also been measured in 

In surface water, 
glyphosate is not readily broken down by water 
or sunlight Despite extensive 
worldwide use, there are relatively few studies 
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Table 1.2 Occupational and para-occupational exposure to glyphosate 

lnd~ry, 
country, year 

.hb'proalSS 

Work a-spa-forming 
SiiVicultural clEaring 
(n=5) 

Results 

Range of air glyphosate concentrations, 
< 1.25-15.71Jglm3 (mEal, NR) 

Comment~additional data 

Clearingworkwasdonewith brush f:aNS 

equippe:J with pressurize:J ha-bicide~raya-s 
Air sampleswa-etaken from theworka-s 
bra:thingzone(numba- of samples, NR) 
Urinesampleswa-ecollaia:l during the 
ana-noons of the working wa:K (numba-, NR) 
Glyphosate concentrations in urine we-e below 
theLOD 

Reference 

~ 
s;: 
0 

i 
05 
I 
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N 



m 
"U 
)> 

I 

I 
0 

I 
N 
0 ...... 
0) 
I 

0 ...... 
0 
~ 
w ...... 
10 

-..J 0 
0 
0 ...... 
...... 
w 
~ 

Table 1.2 (continued) 

lnd~ry. 
country, year 

Farming 

.hb!pr003SS 

Occupational and 
para-occupation 81 
e<:posures of 48 
farmers, their 
~ouses, and 79 
children 

Results 

Ge:>mEtric mESil (range) of glyphosate 
concentration in uri neon day of 
application: 
Farmers, 3.21-Jg/L ( < 1 to 2331-Jg/L) 
:?pauses, NR (< 1 to 31-Jgfl) 
Children, NR(< 1 to291Jg/L) 

LOD, limit ofdetoction; NO, not detocted; NR, not rEported 

Comment~additional data 

24-hour compoSite urine samples for each 
family member the day before, the day of, 
and for 3 days after a glyphosateapplication. 
Glyphosatewas dEte:;te:l in 60% of farmers 
samples, 4%of ~ouses' sample:> and 12%of 
children'ssamplestheday of ~raying and 
in 27% of farmers samples, 2% of ~ouses' 
samples and 5%of children'ssample:>3 days 
after 

Reference 

G) 
-< 
'"0 
::J 
0 
~ ...... 
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on the environmental occurrenCE of glyphosate 

(ij Air 

Very few studies of glyphosate in air were 
available to the Working Group. Air and rain
water samples were collected during two 
growing SEaSOns in agricultural arEES in Indiana, 

Mississippi, and Iowa, USA ''""'''"''"'"'"'''''::fo,,,~,,,m,,,;;,,,,,,""'''''''''''"'"'''' 
Tharequency of glyphosate detection ranged 
from 60% to 100% in air and rain samples, and 
concsntrations ranged from< 0.01 to 9.1 ng/m3 

in air samples and from < 0.1 to 2.5 !Jg/L in 
rainwater samples. Atmospheric deposition 
wcs mecsured at three sites in Alberta, Canada. 
Rainfall and particulate matter were collected 
cs total deposition at 7 -day intervals throughout 
the growing SEaSOn. Glyphosate deposition 
rates ranged from < 0.01 to 1.51 1Jg/m2 per day 

No data were available to the Working Group 
regarding glyphosate concsntrations in indoor 
air. 

(iij Water 

Glyphosate in the soil can leach into ground
water, although the rate of leaching is believed to 
be I ow \:):;,;;;,;:,;:;;~,;;;;;:;;;;:;;,,;;:;;mmm;;;,;,,,,:;;:::,;;,;m::,;,;;;,;,;;m;,;;:;:;;,,,,;;;,;;;;,c;;m:::;,) ;,;;;;,;m;,,;;,,;;;;::mCmm::::;;;;;;,;,;, 

It can also reach su rfacs waters by 
direct emission, atmospheric deposition, and by 
adsorption to soil particles suspended in runoff 
water 
,,,,,,;;;;,;;,;;;,,,,,,;;,,,;;,m summarizes data on conCEntrations 
of glyphosate or AMPA in surfacs water and 
groundwater. 

(iii) R:sidues in food and dietary intake 

Glyphosate residues have been mecsured 
in csreals, fruits, and vegetables \,,,;m;;;:;;;:;,;;:;,,,m,,;,;m,;,j 

Residues were detected in 0.04% of 74 305 
samples of fruits, vegetables, and csreals tested 
from 27 member states of the European Union, 
and from Norway, and Ireland in 2007 ",,,,,,,,,,,,,,,,,,,,,, 

In csreals, residues were detected in 50% 
of samples tested in Denmark in 1998-1999,and 
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in 9.5% of samples tested from member states 
of the European Union, and from Norway and 

I csland in 2007 ''"'"'''"''"''''''''''';::,m,,,,;;,m,mm,,,,,,,;;;,,,,,,;;,,,,,,,",,,,,,,,,,,, 

In the United Kingdom, food sampling 
for glyphosate residues hcs concsntrated mainly 
on csreals, including bread and flourGiyphosate 
hcs been detected regularly and usually below the 
report i ng I i m it "'"'"''''"''''''';;;;;;,;;;;,,;;,,;;,,,::::::,;,;;,:,m::::m:::::::::;;;;;,,,;;::m::::,::m::,,;,,::m::,,;,,::m::,::,::::::::,: 

Six out of eight samples 
of tofu made from Brazilian soy contained 
glyphosate, with the highest level registered 
being 1.1 mg/kg '''''"';;;;;;;;,;;,;;,;;;;:;,;;;;;,;;;;;,,;,m;,;;;;;;;,;,;:::m:;;;,;;;;;;:;,,,;;;;;,;;;;m;,,::,;;,;,,;,,;;,;;,,;;,;,;;;;;;;;;;;,; 

(iv) Hourehold exposure 

In a survey of 246 California households, 
14% were found to possess at IEESt one product 
containing glyphosate \,;;;;;;;,;;;;,::,;;;;;;;"',;;;;:;;;;,,;:;,L,:m:,,;;;;;,;;;;"',;;;,;; f 

(v) Biological markers 

Glyphosate concsntrations in urine were 
analysed in urban populations in Europe, and 
in a rural population living near arEES sprayed 
for drug eradication in Colombia ,,:,;;;,;,;;;;,;mmLL::!:::m,,;;;;;c;;;;;m;,;;;;,, 

'"'''""'''''"''::;,L"'"'::;,wm;,~,:;""";:,:;:";""'"';:,;;;M,;;":;;;,j G lyphosate concsntrat ions 
in Colombia were considerably higher than in 
Europe, with means of 7.6 ng/L and 0.02 !Jg/L, 
respectively In a study in Canada, 
glyphosateconcsntrationsin serum ranged from 
undetectable to 93.6 ng/ml in non-pregnant 
women (n = 39),and were undetectable in serum 
of pregnant women (n = 30)and fetal cord serum 

1.4.2 Exposure aS93SSIY1ent 
Exposure assessment methods in epidemio

logical studies on glyphosate and cancsr are 
discussed in S:!ction 2.0 of the Mona;}raph on 
Malathion, in the present volume. 

EPA-HQ-2016-010431_00001135 



m 
"U 
)> 

I 

I 
0 

I 
N 
0 ...... 
0) 
I 

0 ...... 
0 
~ 
w ...... 
10 

<.0 0 
0 
0 ...... 
...... 
w 
0) 

Table 1.3 Concentration of glyphosate and AM PAin water 

Country, year of 
sampling 

US\, 2002 

Number of sample!VS91:ti ng 

51 strESm&'agrirultural arESs 
(154 smple>) 

3 wetlands and 10 agricultural 
strESms (74samples) 

REa~ Its 

Maximum glyphosate 
concentration, 5.11-Jgfl 
Maximum AMPA concentration, 
3.671-Jgfl 

AMPA, aminomEthylpho!:phonicacid; MDL, mEthod dEtoction limit; NR, data not reportoo 

Comment~additional data Reference 

Thesampleswa-etaken following 
pre- and post-ema-ga-Jce 
application and during harvest 
SESSOn 
Glyphosatedeta::ta::l in 36%of 
samples; AMPA deta::ted in 69% 
of samples 

Glyphosatewas deta::ta:J in most 
of thewetlands and strESms (22% 
of 

Glyphosatedeta::ta::l in 23%of 
samples; AM PA deta::ted in 25% 
of samples 

G) 
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Table 1.4 Concentrationsof glyphosate in food 

Country, year Typeoffood 

Denmark, 1998, 1999 ca-eaJs 

Re!llltS 

>50% of samples had dEte;;table 
residues 
Means: 0.08mg/kgin 1999and 
0.11 mOfkoin 1998 

75%ofsampleshad dEtEO:able 
residues 
Mean, 0.08 mg/kg 
Range, < 0. 005 to 0.5 mg/kg 

Comment~additional data Reference 

49 samples of the 1998 harvest 
46 samples of the 1999 harvest 

Table 1.5 Concentrationsof glyphosate and AM PAin urine and serum in the general population 

Country, period 

Urine 

Subjects 

112 residents of areas 
Epraya:l for drug 
a-adication 

30 pregnant women 
and 39 non-pret)nant 
women 

Re!lllts 

ArithmEtic mean (range) of 
glyphosate concentration: 
7.61-Jg/L (ND-130 !Jg/L) 
ArithmEtic mean (range) of AMPA 
concentration: 
1.61-Jg/L<ND-56 

ND in serum of pregnant women or 
cord serum; 
ArithmEtic me:m, 73.61-Jg/L, 
(range, ND-93.61-Jg/L) in non
pregnant women 

AMPA, aminomEthylpho!::phonicacid; LOD, limit of dEtEX:tion; NO, not dEtEX:I:Ed; NR, not rEportEd 

Comment~additional data 

40%of samples had dEtEO:able 
le.rasof glyphosateand 4%had 
dEtEO:ablele.rasof AM PA (LODs, 
0.5 and 1.0 IJg/L, respEO:ivay) 
Urinary glyphosate was associate:J 
with use in agriculture 

No subjEO: had worke:J or liva:l 
with aEpousaworking in contact 
with pesticides 
LOD, 151-Jg/L 

Reference 

~ 
s;: 
0 

i 
05 
I _., 
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2. Cancer in Humans 

2.0 General discussion of 
epidemiological studies 

A g3neral discuffiion of the epidemiological 
studies on agents considered in Volume 112 of 
the /ARC Mona;;raphs is presented in S:!ction 2.0 
of the Mona;;raph on Malathion. 

2.1 Cohort studies 

S:s "~'N'""'~''~'~'""""""'~Lw:c 
Th~gricultural Health Study (AHS), a larg3 

prospective cohort study conducted in Iowa and 
North Carolina in the USA, is the only cohort 
study to date to have published findings:mexpo
sure to glyphosate and the risk of canCEr at many 
d i fferen tsi tES ( LJ1o:s,:;,,:::2x~""'J;~:::,,"''~"'"""'':::,,:,:Au,"'"'::,:::,,,:::,,, :L~,,,,,,,,,""'"'M""""'''"":''""'"""'"", 
(sesS:!ction 2.0 of the Mona;;raph on Mala~hi~n, 
in the present volume, for a detailed descnptton 
of this study). 

Thenrolment questionnaire from the AHS 
sought information on the use of 50 pesticides 
(ever or never exposure), crops grown and live
stock raised, personal protectiveequipmentu~, 
pesticide application methods used, other agn
cultural activities and exposures, nonfarm occup 
ational exposures, and several lifestyle, medical, 
and dietary variables. ThEI!iuration (years) and 
frequency (days per year) of use Wffi investigated 
for 22 of the 50 pesticides in the enrolment ques
tionnaire. ~thepOffiible 

impact ofmisclaffiificationofoccupational pes~i
cide exposure on relative risks, demonstratmg 
that nondifferential exposure misclaffiification 
biases relative risk estimates towards the null in 
the AHSand tends to decrease the study power.] 

The rstreport of canCEr i ncidenCEaffiOciated 
with pesticide use in the AHS cohort considered 
canCEr of the prostate Risk 
EStimates for exposure to glyphosate were not 
presented, but no significantexposure-response 

Glyphosate 

affiOciation with canCEroftheprostatewC£found. 
1 nan updated analysis of the AHS (1993to 2001 ), 
,!:::!S:,,l,,:;;;;;::::!::t"""";";;:,S,w::::!,!":,,,,,;,~;:;:;,:::,,;;,,;;:;,;;:::,z (SES belOW) alSO fOUnd nO 
affiOciation between exposure to glyphosate and 
canCEr of the prostate (relative risk, RR, 1.1; 95% 
Cl, 0.9-1.3)and no exposure-response trend (P 
value for trend = 0.69). 

,::::::,,~::,M:w,::,;,,:,:::::::::,::::::wu:c::,;,,,,,,,,,,,,,,,,,;,;;,,,,;;;;,,,,;;,,,,;,;,"" also evaluated affiOCi-
ations between exposure to glyphosate and the 
incidenCE of canCEr at several other sites. The 
prevalenCE of ever -use of glyphosate Wffi 75.5% 
(> 97%of users were men).ln thisanalysis,expo
suretoglyphosateWC£defina:Es: (a)ever personally 
mixed or applied products containing glypha:ate; 
(b) cumulative lifetime days of use, or "cumulative 
exposure days" (years of use x days/year); and 
(c) intensity-weighted cumulative expos~re ~ys 
(years of use x days/year x estimated mt~nstty 

level). PoiffiOn regreffiion Wffi used to esttmate 
exposure-response relations between expo
sure to glyphosate and incidenCE of all canCErs 
combined and incidenCEof12canCErtypes: lung, 
melanom~, multiple myeloma, and non-Hodgkin 
lymphoma (s:s ffi well ffi oral cavity, 
colon, rectum, pancreas, kidney,bladder,prostate, 
and leukaemia (results not tabulated). Exposure 
to glyphosate we£ not affiOciated with all canCErs 
combined (RR, 1.0; 95%CI, 0.9-1.2;2088 cases). 
For multiple myeloma, the relative risk Wffi 1.1 
(95% Cl, 0.5--2.4; 32 cases) when adjusted for 
age, but we£ 2.6 (95%CI, 0.7-9.4)whe~ adjusted 
for multiple confounders (age, smokmg, other 
pesticides, alcohol consumption, family history 
of canCEr, and education); in analyses by cumu
lative exposure-days and intensity-weighted 
exposure-days, the relative risks were around 2._0 
in the highESt tertiles. Furthermore, the affiOCI

ation between multiple myeloma and exposure 
to glyphosate only appeared within the subgroup 
for which complete data were available on all the 
covariates; even without any adjustment, the risk 
of multiple myeloma associated with glypho
sate use we£ increased by twofold among the 
smaller subgroup with available covariate data 
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Table 2.1 Cohort studies of cancer and exposure to glyphosate 

Reference, 
study location, 
enrolment 
period/fOil ON

up, study-design 

1 owa and North 
Carolina, US\ 
1993-21.Xl1 

Population Size, de!Q'iption, 
expoa~reassessment method 

54 315 (after eccl usi ons, from a total 
cohort of 57 311) liCE!lsa:l pffil:icide 
applicators 
Exposureassessment method: 
quffil:ionnaire; sami-quantitative 
assessma1t from self-administered 
quffil:i onnai re 

Organ Site 
(lCD axle) 

Lung 

M~anoma 

Multiple 
myaoma 

NHL 

Expoa~re Expo59d 
category or caf!SS/ 
level deaths 

Ever usa 147 
Cumulative 
ecposure 
days: 
1-20 40 
21-ffi 26 
57 -'2f518 26 
Trend-tffil: Pvaue 0.21 
Ever usa 75 
1-20 23 
21-ffi 20 
57-2678 14 
Trend-tffil: Pvalue 0.77 
Ever usa 32 
Ever usa 32 
1-20 8 
21-ffi 5 
Trend-tffil: Pvalue 0.27 
Ever usa 92 
1-20 29 
21-ffi 15 
57-'2f518 17 
Trend-tffil: Pvalue 0.73 

Risk estimate Covariates 
(95% Cl) oontrolled 

0.9(0.6-1.3) 

1 (ref.) 
0.9(0.5-1.5) 
0.7 (0.4-1.2) 

1.6 (0.8-3) 
1 (ref.) 
1.2 (0.7-23) 
0.9(0.5-1.8) 

1.1 (0.5-2.4) 
26 (0.7--8.4) 
1 (ref.) 
1.1 (0.4-3.5) 

1.1 (0.7-1.9) 
1 (ref.) 
0.7 (0.4-1.4) 
0.9 (0.5-1.6) 

Age, smoking, 
other 
pffil:i ci des, 
alcohol 
consumption, 
family history 
of cancer, 
education 

Age only 
(results in this 
rr:JN only) 

Comments 

AHS 
Cancer sitES 
invffil:igated: lung, 
melanoma, multiple 
myeloma and NHL 
(results tabulated) as 
w~l asoral cavity, 
colon, re:::tum, pancra:ts, 
kidney, bladder, prostate 
and leukaemia (results 
not tabulated) 
[~rengthS: large cohort; 
speci fi rnssessment 
of glyphosate; 
samiquantitative 
exposure assessment. 
Limitations: risk 
ffil:i matES basa:l on 
self -reported ecposure; 
limited to liCErisa:l 
applicators; potential 
ecposure to multiple 
pffil:i ci dES) 

~ 
s;: 
0 

i 
05 
I 

->. 
->. 
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Table2.1 (continued) 

Referenoo, 
study location, 
enrolment 
period/follow
up, study-design 

Iowa and North 
Carolina, US\ 
Enrolment, 
1993-1997 
follow-up to 
2000 

Population Size, dea::ription, 
exposure assessment method 

30454wivesofliGalSEd pesticide 
applicators with no history of breast 
cancer at enrolmerJt 
Exposure assessment mahod: 
questionnaire 

Organ Site 
(lCD axle) 

Exposure Exposed 
category or caFSS/ 
level deaths 

ecposure to 
glyphosate 
HuS::>ald's 100 
use of 
glyphosate 

Risk estimate Covariates 
(95% Cl) controlled 

1.3 (0.8-1.9) 

Comments 

AHS 
[ ~rerJgths: large cohort; 
specificassessment of 
glyphosate. Limitations: 
baSEd on self-reportal 
ecposure; limitEd to 
liGalSEd applicators; 
poterJtial ecposure to 
multi 
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Table2.1 (continued) 

Referenoo, 
study location, 
enrolment 
period/follow
up, study-design 

Iowa and North 
Carolina, US\ 
Enrolment, 
1993-1997; 
follow-up to 
2004 
Nested case
control audy 

Population Size, dea::ription, 
exposure assessment method 

Cases: 93(re;ponserate, NR); identified 
from population-basa:.J aate-cancer 
regiaries. Incident cases diagnosa:.J 
betwa:n enrolment and 31 DW3111ber 
2004(>9yESrsfollow-up) included in 
the analySis. Participantswith any type 
of pre.talent cancer at enrolment were 
eccluded. Vital aatuswasobtained from 
the a ate dEath r~il:tries and the National 
DEath 1 ndec. Participants who left North 
Carolina or Iowa were not SUb8e:Juently 
followed for cancer occurrence. Controls: 
82 503 (re;ponserate, NR); cancer-free 
participants enrollEd in the cohort 
Exposure assessment method: 
questionnaire providing detailEd 
pe:tiCide use, demographic and life:tyle 
information. Ever-useof 24 pesticides and 
i ntensity-weightedlifeti me days[ (I ifeti me 
ecposuredays) x (ecposureintensity 
score)] of 13 pe:ticideswasassessed 

Organ Site 
(lCD axle) 

PancrEas 
(C25.0-
C25.9) 

AHS, AgriaJitural HESith 8:udy; NH L, non-Hodgkin lymphoma; NR, not reportoo 

Expc>a~re Exposed 
category or caFSS/ 
level deaths 

Ever 55 
e<:posure to 
glyphosate 
Low 29 
(< 185 days) 
High 19 
(;?: 185 days) 
Trend-test Pvalue 0.85 

RiSk estimate Covariates 
(95% Cl) controlled 

1.1 (0.6-1.7) AgE\ smoking, 
diabetes 

Comments 

AHS 
( ~rengths: large cohort. 
Limitations: basa:.J on 
self-reported ecposure; 
limita:J to licensa:.J 
applicators; potential 
ecposure to multiple 
pesticides] 

~ 
s;: 
0 
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05 
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[Thstudy had limited 
power for the analysis of multiple myeloma; there 
were missing data on covariates when multiple 
adjustments were done, limiting the interpret& 
tion of the findings.]A re-analysis of thES:! data 
conducted by rmedthat the 
exa:ss risk of multiple myeloma was prES:!ntonly 
in the subset with no missing information (of22 
casES in the restricted data set). In a subsequent 
cross-sectional analysis of 678 male participants 

from the same cohort, /::c::::::"""";;;;;;;;::;"";";;;;;;w;;""wm:::cc:ccmm/::::c.;mmm/:::c:::""::m::;"";L". 

did not findan association between exposure to 
glyphosate and risk of monoclonal gam mopathy 
of undetermined significancs(MGUS),a prema
lignant plasma disorder that often precsdes 
multiple myeloma (odds ratio, OR, 0.5; 95% Cl, 
0.2-1.0; 27 exposed casES). 

;.m:"";;;; •• ;"";";;;;;;;."":::t.:"""";:z:c":":"""":;::::::";;;"";",;""" reported the results of the 
analyses of risk of childhood cancer associated 
with pesticide application by parents in the AHS. 
Theanalyses for glyphosate were conducted 
among 17 357 children of Iowa pesticide appli
cators from the AHS. Parents provided data 
via questionnaires (1993--1997) and the cancer 
follow-up (retrospectively and prospectively) 
was done through the state cancer registries. 
Fifty incident childhood cancers were identi
fied (1975--1998; age, 0-19 years). For all the 
children of the pesticide applicators, risk was 
increased for all childhood cancers combined, 
for all lymphomas combined, and for Hodgkin 
lymphoma, compared with the general popula
tion. Thedds ratio for useofglyphosateand risk 
of childhood cancer was0.61 (95%CI, 0.32-1.16; 
13exposed casES) for maternal use and 0.84 (95% 
Cl, 0.35--2.34; 6 exposed casES) for paternal use. 
[ThEWorking Group noted that this analysis 
had limited power to study a rare disease such as 
childhood cancer.] 

f:::""":;;;:t;;;;;:.".;;;""'""""":::L:wmcl!':;;.;;:;":;t";;;;;";"" reported on incidence of 
cancer of the breast among farmers' wives in the 
AHScohort, which included30454womenwith 
no history of cancer of the breast before enrol
ment in 1993-1997.1nformationon pesticide use 

Glyphosate 

and other factors was obtained at enrolment by 
self-administered questionnaire from the women 
and their husbands. A total of309 incident casES 
of cancer of the breast were identifiedunti I 2000. 
Therwas no differencan incidence of cancer of 
the breast for women who reported ever applying 
pesticides compared with the general popula
tion. Therelative risk for cancer of the breast 
among women who had personally used glypho
sate was 0.9 (95% Cl, 0.7-1.1;82 casES) and 1.3 
(95%CI, 0.8--1.9; 109 casES) among women who 
never used pesticidES but whose husband had 
used glyphosate. [No information on duration of 
glyphosate use by the husband was prES:!nted.] 
Results for glyphosate were not further stratified 
by menopausal status. 

.:::c:::c:::;""""·"·'''""'""m:::c:cc: •.••• ""'c::::::""";;;;"""'""'"" investigated the relation-
ship between exposure to agricultural pesticides 
and incidence of cancer of the colorectum in 
the AHS. A total of 56 813 pesticide applicators 
with no prior history of cancer of the colo rectum 
were included in this analysis, and 305 incident 
cancers of the colorectum (colon, 212; rectum, 
93) were diagnosed during the study period, 
1993--2002. Most of the 50 pesticides studied 
were not associated with risk of cancer of the 
colorectum, and the relative risks with expo
sure toglyphosatewere 1.2 (95%CI, 0.9--1.6), 1.0 
(95% Cl, 0.7-1.5),and 1.6 (95% Cl, 0.9--2.9) for 
cancers of the colorectum, colon, and rectum, 
respectively. 

:mm:::m;m;;""'"""""'""'"";;;""""'"''"'mcc;;;;m:c"""""'"'"""'"""J";:;;;:;";;;"";;;m;;;;;"fo""" examined associations 
between the use of pesticides and cancer of the 
pancreas using a case--control analysis nested 
in the AHS. Thisnalysis included 93 incident 
casES of cancer of the pancreas (64 applicators, 
29 spouses) and 82 503 cancer -free controls who 
completed the enrolment quest ion nai re. Ever -use 
of 24 pesticides and intensity-weighted life
time days [(lifetime exposure days) x (exposure 
intensity score)] of 13 pesticidES were asaassed. 
Risk estimates were calculated controlling for 
age, smoking, and diabetes. ThEIDdds ratio for 
ever- versus never-exposure to glyphosate was 
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1.1 (95% Cl, 0.6--1.7; 55 exposed cases), while 
the odds ratio for the highest category of level of 
intensity-weighted lifetime days we£ 1.2 (95%CI, 
0.6--2.6; 19exposed cases). 

,~~,:~:,:w:M:w:,:::::,w:"::,,,,""'",:,,M;,,;;;::::,,:,::::,?, reported that exposure 
to glyphosate Wffi not associated with cutaneous 
melanomawithin theAHS. [Thauthorsdid not 
report a risk estimate.] 

2.2 Case-control studies on non
Hodgkin lymphoma, multiple 
myeloma, and leukaemia 

2.2.1 Non-Hodgkin lymphoma 

S:s ,,;,,;;;;;,~;;;,,;,;;;;;"!::::!:: 

(a) Case-control studies in the midwest US4 

,,~:""""'":,,;,;:,!MWM:::'"'"'''""L;""L},::::::,:£,,:L conducted a case--control 
studyofincidentnon-Hodgkin lymphoma(N HL) 
among males in Iowa and Minnesota, USA (see 
the Mona;}raph on Malathion, ~tion 2.0, for a 
detailed description of this study). A total of 622 
white men and 1245 population-ba:ed controls 
were interviewed in person. Thessociation with 
farming occupation and specific agricultural 
exposures were evaluated. When compared with 
non-farmers, the odds ratios for NHL were 1.2 
(95%CI, 1.0-1.5) for men who had ever farmed, 
and 1.1 (95%C I, 0.7 -1.9;26exposed cases; adjusted 
for vital status, age, state, cigarette smoking 
status, family history of lymphohaematopoietic 
cancsr, high-risk occupations, and high-risk 
exposures) for ever handling glyphosate. [There 
Wffi low power to assess the risk of NHL associ
ated with exposure to glyphosate. Thenwffi no 
adjustment for other pesticides. Theselata were 
included in the pooled analysis by ::::::,:::::,,L,,::,:::~,,,~,:::::,::::L!:,":,,:,L:" 

~:~/,,::::~,::c,::,:,:,,,,::::,::",,,;::!!"'""'":::,,":,:::::::::~:et reported the results of 
a study to evaluate the association between 
multiple myeloma and agricultural risk factors 
in the midwest USA (see the Mona;}raph on 

16 

Malathion,~tion 2.0, fora detailed description 
of this study). A population-ba:ed case-control 
study of 173 white men with multiple myeloma 
and 650controlswe£conducted in Iowa, USA, an 
area with a large farming population. A non-sig
nificantly elevated risk of multiple myeloma 
Wffi seen among farmers compared with never
farmers. The>dds ratio related to exposure to 
glyphosate Wffi 1.7 (95% Cl, 0.8--3.6; 11 exposed 
cases). [Thistudy had limited power to assess 
the association between multiple myeloma and 
exposure to glyphosate. Multiple myeloma is 
now considered to be a subtype of N H L] 

::::,,::::,,,:,,::::::,::~:::c":,:,:w,:::::,::,,,:::::::::~::::::L used pooled data from 
three case-control studies of N HL conducted in 
the1980sin Nebre£ka Kansas 
,,;,,,:,::::::c'C,,,"~'"'WM::::,:~,;,",,L::::~:::::::: 1 and in Iowa and Minnesota 

(see the Mona;}raph on 
Malathion,~tion 2.0, fora detailed description 
ofthesestudies)toexaminepesticideexposuresin 
farming ffi risk factors for N HL in men. Thstudy 
population included 870casesand 2569controls; 
650casesand 1933controlswere included for the 
analysis of 47 pesticides controlling for potential 
confounding by other pesticides. Both logistic 
regrEffiion and hierarchical regrEffiion (adjusted 
estimates were based on prior distributions 
for the pesticide effects, which provides more 
conservative estimates than logistic regrEffiion) 
were used in data analysis, and all models were 
Effientially adjusted for age, study site, and other 
pesticides. Reported use of glyphosate C£ well 
ffi several individual pesticides Wffi associated 
with increased incidencs of NHL Based on 36 
cases exposed, the odds ratios for the association 
between exposure to glyphosate and NHL were 
2.1 (95% Cl, 1.1-4.0) in the logistic regrEffiion 
analyses and 1.6 (95% Cl, 0.9--2.8) in the hier
archical regrEffiion analysis. [Th6lumbers of 
cases and controls were lower than those in the 
pooled analysis by because 
only subjects with no mi&Sing data on pesticides 
were included. Thetrengths of this study when 
compared with other studies are that it We£ large, 

EPA-HQ-2016-010431_00001143 
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Table 2.2 Case-control studies of leukaemia and lymphoma and exposure to glyphosate 

Referenoo, 
location, 
enrolment 
period 

usa. 

Iowa and 
Minna:ota, USA. 
1980-1982 

Population Size, dea::ription, 
exposure assessment method 

Cases: 622 (response rate, 89.0%); 
Iowa hEBith re;Jistry rEn)rds 
and Minnesota hospital and 
pathology rEn)rds 
Controls: 1245 (response rate, 
76-79%); population-basal; 
no can~ of the lympho
haematopoietic systEm; 
freque:ncy-matched to cases by 
age(5-yEBr group), vital status, 
state Random-digit dialling 
(aged< 65yEBrs); Ma:Jicare 
rEn)rds (aged <:: 65 yEBrs); state 
d EBth certi fi catEfil E*( d e:::easa:J 
SJbje:;ts) 
Exposureassessment method: 
que:tionnaire; in-pa-son 
inta-viav 

Organ Site 
(lCD axle) 

Exposure 
category or 
level 

Expoa:ld 
ca9i!J5/ 
deaths 

RiSk estimate 
(95%CI) 

Covariates 
oontrolled 

Age, vital 
status, state, 
S'noki ng status, 
family history 
lymphopoietic 
canca-, high-risk 
occupations, 
high-riSk 
e<posures 

Comments 

mal only 
[8:rEllgths: large 
population-basal 
study in farming 
arEBs. 
Limitations: not 
controlled for 
ecposure to otha
pe:ticidES. Limited 
powa- for glyphosate 
ecposure] 
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Table2.2 (continued) 

Referenoo, 
location, 
enrolment 
period 

NebraSka, I owa, 
MinnESota, 
Kansas, U&L\ 
1979-1900 

Population Size, dea::ription, 
exposure assessment method 

CaSES: 650(respon93rate, 74.7%); 
cancer regiS:ries and hospital 
ra::ords 
Controls: 1933(respon93rate, 
75.2%); random-digit dialling, 
Ma::licar~ S:ate mortality files 
Exposure assessment method: 
questionnair~ int~viEW (dire::t 
or nect-of-kin) 

Organ Site 
(lCD axle) 

Exposure 
category or 
level 

Expos:d 
ca9i!IS/ 
deaths 

RiSk estimate 
(95%CI) 

Covariates 
oontrolled 

Comments 

Both logiS:ic 
regression and 
hi~archical regression 
w~eusa:J in data 
analySis, thelatt~ 
providing more 
cons:lrvative estimates 
( 8:r~gthS: i ncressa:J 
pow~ wh~ compara::l 
with oth~ S:udies, 
population-baSEd, and 
conductEd in farming 
aress. AdvancEd 
analytical methods to 
account for multiple 
e<poSUrES] 
I ncluda::l participants 
from ,=,~'='~"'"';c,,,,, 
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Table2.2 (continued) 

Referenoo, 
location, 
enrolment 
period 

Population Size, dea::ription, 
exposure assessment method 

Organ Site 
(lCD axle) 

Exposure 
category or 
level 

Expoa:lCI 
ca9i!J5/ 
deaths 

Risk estimate 
(95%CI) 

Covariates 
oontrolled 

Comments 
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Table2.2 (continued) 

Referenoo, Population Size, dea::ription, 
location, exposure assessment method 
enrolment 
period 

Incident cases: 316(response 
rate, 68.4%); men aga:l ~ 19 years; 

provinces ascertaina:l from provincial 
in Canada cancer re;Ji~riES, eccept in 
(Quetlec, Ontario, Quetlec (hospital ascertainment) 
Manitoba, Controls: 1506(respon93rate, 
S3Sk:atche.van, 48%); matcha:l by age± 2years 
Alberta, and to becomparablewith the age 
British Columbia) di~ribution of theentireca93 
1991-1994 group(HL, NHL, MM, and 

SfS) Within each provinceof 
residence Potential controls 
(men aga:l ~ 19 years) SE.iecta:l at 
random within agecon~raints 
from the provincial hallth 
insurance records (Alberta, 
S:tskatche.van, Manitoba, 
Quetlec), computeriza:l 
telephone li~ings (Ontario), or 
voters li~s(British Columbia) 
Exposure assessment mahod: 
questionnaire, ~age1 usa:J 
a self-administera:l po~al 
questionnaire, and in ~age2 
daaila:l pesticide ecposure 
information was coli ecta:l by 
telephone i ntervie.v 

Organ Site 
(lCD axle) 

HL(ICD02 
includa:l 
nodular 
ocleroSis 
(M9656/3; 
M9663/3; 
M9664/3; 
M9665/3; 
M9666/3; 
M9667/3), 
lymphocytic 
pra:lominance 
(M9651/3; 
M9657/3; 
M9658/3; 
M9659/3), 
mixa:l 
CEllularity 
(M9652/3), 
lymphocytic 
deplaion 
(M9653/3; 
M9654/3), 
miseellana::>us 
(other 
M 9650-M9669 
codES for HL) 

~ 
Exposure Expos:d RiSk estimate Covariates Comments 

s;: 
0 

category or ca9i!IS/ (95%CI) oontrolled z 
level deaths 

~ Glyphosate- 38 1.14 (0.74-1.76) Age group, CrossCanada~udy 
ba!ia:l province of Ba!ia:l on the~ati~ical 05 
formulation residence analySis of pilot ~udy I 
Glyphosate- 38 0.99(0.62-1.ffi) Agegroup, data, it wasdecida:l ...... ...... 
ba!ia:l province of that themo~ eFficient N 
formulation residence, ma:lical definitionof pesticide 

hi~ory ecposurewasa 
cumulative ecposure 
~ 10 hour&~year to 
any combination 
of pesticidES. This 
diocri mi nata:l (a) 
bawean incidental, 
by~ander, and 
environmental 
ecposure vs more 
i ntenSiveecposure, 
and (b) bawean cases 
and controls 
[8:rengths: large~udy. 
Limitations: low 
respon93 ratES] 
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Table2.2 (continued) 

Referenoo, 
location, 
enrolment 
period 

Population Size, dea::ription, 
exposure assessment method 

Organ Site 
(lCD axle) 

Exposure 
category or 
level 

Expoa:lCI 
ca9i!J5/ 
deaths 

Risk estimate 
(95%CI) 

Covariates 
oontrolled 

Comments 
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Table2.2 (continued) 

Referenoo, 
location, 
enrolment 
period 

NorthErn and 
middle Siveden 
1987-1900 

Population Size, dea::ription, 
exposure assessment method 

Cases: 404 ( 192 de::easa:l) 
(responoo rate, 91%); regional 
canCEf regi~rie:> 
Controls: 741 (response rate, 
84%); livecontrolsmatched for 
age and countywerere.::ruite:J 
from the national population 
regi~ry, and de::a:~sed cases 
matche:J for age and yoor of 
death were identified from the 
national ret)i~ry for causes of 
death 
Exposure assessment method: 

naire 

Organ Site 
(lCD axle) 

NHL(ICD~9 

200and 202) 

Exposure 
category or 
level 

Evtr 
glyphosate 
univariate 
Ever 
glyphosate 
multivariate 

Expos:d 
ca9i!IS/ 
deaths 

4 

NR 

RiSk estimate 
(95%CI) 

23 (0.4-13) 

5.8 (0.6-54) 

Covariates 
oontrolled 

Not ~e::ifie:J in 
the multivariable 
analysis 

Comments 

Overlapswith ,!"~''":":e::u,, 

population~based 

S:udy. 
Limitations: fEW 
su bj e::ts wtre ecposed 
to glyphosate and 
theS:udy had limited 
power. Analyses were 
"multivariatE!' but 
covariate:> wtre not 
specifie:J] 

~ 
s;: 
0 

i 
05 
I 

->. 
->. 
N 



Table2.2 (continued) 

Referenoo, Population Size, dea::ription, Organ Site 
location, exposure assessment method (lCD axle) 
enrolment 
period 

CaSES: 910(responsarate, NHL 
91%); incidEllt NHL caSES 

Four wereEllrolled from univerSity 
health service hospitals 
ara:ls (Lund, Controls: 1016 ( respon sa rate, 
Linkoping, 92%); national population 
Orebro and registry 
Umffi) Exposure aSSESSment method: 
1999-2002 quESI:i on nai re 

NHL 

8-cell 
lymphoma 
Lymphocytic 
lymphomatB-
CLL 
Diffuse 
large8-cell 
lymphoma 
Follicular, 
grade I-III 
Other 
specifiecB-cell 
lymphoma 

m Unspecified 
"U 8-cell )> 

I lymphoma I 
0 T-c~l I 
N lymphoma 0 ...... 

Unspecified 0) 
I 

0 NHL ...... 
0 
~ 
w ...... 
I 
0 N 0 w 0 
0 ...... 
...... 
01 
0 

Exposure Expoa:lCI 
category or ca9i!J5/ 
level deaths 

Any 29 
glyphosate 
Any 29 
glyphosate* 

::; 10daysper 12 
yffir usa 
> 10daysper 17 
yffir usa 
1-10yrs NR 
> 10yrs NR 
Exposure to NR 
glyphosate 
Exposure to NR 
glyphosate 

Exposure to NR 
glyphosate 

Exposure to NR 
glyphosate 
Exposure to NR 
glyphosate 

Exposure to NR 
glyphosate 

Exposure to NR 
glyphosate 
Exposure to NR 
glyphosate 

Risk estimate 
(95%CI) 

202 (1.1-3.71) 

1.51 (0.77-294) 

1.69 (0.7-4.07) 

2. 36 ( 1. 04-5. 37) 

1.11 ( 0.24-5. CB) 
2.26 ( 1.16-4.4) 
1.87 (Offil.-351 ) 

335 (1.42-?.ffi) 

1.22 (0.44-3.35) 

1.89 ( 0.62-5. 79) 

1.63 (0.53-4.93) 

1.47 (0.33-661) 

229 (0.51-10.4) 

5.63 (1.44-22) 

Covariates 
oontrolled 

Age, sec, yEEr of 
Ellrol mEllt 

Comments 

[ E:tren gths: 
popu I ati on-basa::l 
case-control. 
Limitations: limited 
power for glyphosate] 
*Exposure to other 
pesticides (e.g. MPCA) 
controlle::l in the 
analySis 
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Table2.2 (continued) 

Referenoo, Population Size, dea::ription, Organ Site 
location, exposure assessment method (lCD axle) 
enrolment 
period 

Cases: 491 (responoorate, 95.7%); NHL 
France cases(244 NHL; 87 HL; 104 
2000-2004 LP&; 56 M M) wererecruita:l 

from main hospitals of the HL 
French citiffiof Bre:t, Caen, 
Nantffi, Lille, Toulouseand 
BordEEux, aga:l 20-75 yEErs; ALL 

LPS 

cases eccl ude::l 
MM Controls: 456 (response rate, 

91.2%); matcha:l on ageand sec, . 
recruita:l in the same hospitals as All lymphotd 
the cases, mainly in orthopaa:lic nooplasms 
and rh9Jmatological 
departments and re:iding in the NHL, diffuoo 
hospital's catchment arEE large ceil 
Exposure assessment method: lymphoma 
que:tionnaire NHL, follicular 

lymphoma 

LP$'CLL 

LPS'HCL 

Exposure Expos:d 
category or ca9i!IS/ 
level deaths 

Any 12 
glyphosate 
ecposure 
Any ecposure 6 
to glyphosate 
Any ecposure 4 
to glyphosate 
Any ecposure 5 
to glyphosate 
Any ecposure 27 
to glyphosate 

Occupational 5 
use of 
glyphosate 
Occupational 3 
ecposureto 
glyphosate 
Occupational 2 
ecposure to 
glyphosate 
Occupational 2 
ecposure to 
glyphosate 

RiSk estimate 
(95%CI) 

1.0 (0.5-2.2) 

1.7 (0.6-5) 

0.6 (0.2-2.1) 

2.4 (0.8-7.3) 

1.2 (0.6-2.1) 

1.0 (0.3-2.7) 

1.4 (0.4-5.2) 

0.4 (0.1-1.8) 

1.8(0.3-9.3) 

Covariates 
oontrolled 

Age, centre, 
socioe::onomi c 
cat~ory (blu~ 
white collar) 

Comments 
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0 

i 
05 
I ..... ..... 

N 



m 
"'U 
1-
I 
0 

I 
N 
0 ...... 
0) 
I 

0 ...... 
0 
~ 
w ...... 
I 
0 
0 N 
0 0'1 
0 ...... 
...... 
01 
N 

Table2.2 (continued) 

Referenoo, 
location, 
enrolment 
period 

REpublic, 
France, Germany, 
Italy, Ireland and 
~ain 
1 ffiB.-2004 

Population Size, dea::ription, 
exposure assessment method 

Cases: 2348 (response rate, 88%); 
caseswerea11 consecutiVeadult 
patiEntS first diagnose:l with 
lymphoma during the study 
period, rESident in the referral 
area of the participating centres 
Controls: 2462 (response rate, 
81%hospital; 52%population); 
controls from Germany and 
Italy were randomly Sela::t:Ed 
by sampling from the gEneral 
population and matchEd to cases 
on sec, 5-year age-group, and 
rESidence area. Thf'ESI: ofthe 
centres use:l matchEd hospital 
controls, eccluding diagnoses of 
cancer, infa::tious diseases and 
immunodeficienc)diseases 
Exposure assessment mel: hod: 
qu6Sf:ionnair~ support of a crop
ecposure matrix to supplemEnt 
the available information, 
industrial hygienists and 
occupational ecperts in each 
participating centre re.tiMa:l the 
ga1era1 quEStionnaires and job 
modules to assessecposureto 
p6Sf:iddes 

Organ Site 
(lCD axle) 

8-cell 
lymphoma 

Exposure 
category or 
level 

Occupational 
ecposure to 
glyphosate 

Expoa:lCI 
ca9i!J5/ 
deaths 

4 

Risk estimate 
(95%CI) 

3.1 (0.6-17.1) 

Covariates 
oontrolled 

Age, sec, 
Education, centre 

Comments 

EPI LYMPH case
control study in six 
European countries 

ALL, ocute lymphocytic leukaemia; B-CLL, chronic lymphocytic leukaemia; CLL, chronic lymphocytic leukaemia; H CL, hary cell leukaemia; H L, Hodgkin lymphoma; LPS, 
lymphoproliferative!:Yndrome; MCPA, 2-mEthyl-4-chlorophenoxyacelicCK::id; MM, multiple myeloma; NH L, non-Hodgkin lymphoma; NR, not reportEd; ref., referenoe; srs, s:>ft tiS3Je 
ffi!'C:Oma 
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population-ba:ed, and conducted in farming 
areas. Potential confounding from multiple 
exposures was accounted for in the analysis.] 

Using the data set of the pooled popu
lation-ba:ed case-control studies in Iowa, 
Minnesota, and Nebraska, USA, 

,,,,,,,,~"''"''w"'''"" investigated whether asthma acts as an 
effectmodifierof the association between pesti -
cideexposureand NHL Thetudy included 872 
cases diagnosed with N HL from 1980to 1986and 
2381 frequency-matched controls. Information 
on use of pesticides and history of asthma was 
ba:ed on interviews. A total of 177 subjects (45 
cases, 132 controls) reported having been told 
by their doctor that they had asthma. Subjects 
with a history of asthma had a non-significantly 
lower risk of NHL than non-asthmatics, and 
there was no main effectof pesticide exposure. 
In general, asthmatics tended to have larger odds 
ratios associated with exposure to pesticides 
than non-asthmatics. ThereNas no indication 
of effectmodification:the odds ratio associated 
with glyphosate use was 1.4 (95% Cl, 0.98-2.1; 
53exposed cases) among non-asthmatics and 1.2 
(95%CI, 0.4-3.3; 6exposed cases) for asthmatics, 
when compared with non-asthmatic non-ex
posed farmers). [Thi$inalysis overlapped with 
that of ,:;;;;,,;:;,,Sm,;;:;;;s;:;;;;;),,;;;;,;,,",;;,;m,,;;;;;/;;;;;;;;;;;,0m 

(b) The cross-Canada care-control study 

,;,;,;,;;:;;;::;,,;;;;m;,;,;,;;;;,,,,;:;;,;,,,m,;;;;,;,;,,,,m;;;:;,;;;;,;~"'L,J,, studied the associa-
tions between exposure to specifiqJESticides and 
NHL in a multicentre population-ba:ed study 
with 517 cases and 1506 controls among men of 
six Canadian provina:s (ses the Mona;;raph on 
Malathion, S:!ction 2.0, for a detailed descrip
tion of this study). Odds ratios of 1.26 (95% 
Cl, 0.87-1.80; 51 exposed cases; adjusted for 
age and province) and 1.20 (95% Cl, 0.83--1.74, 
adjusted for age, province, high-risk exposures) 
were observed for exposure to glyphosate. In an 
analysis by frequency of exposure to glyphosate, 
participants with > 2 days of exposure per year 
had an odds ratio of 2.12 (95%CI, 1.20-3.73,23 

26 

exposed cases) compared with those with some, 
but:::; 2 days of exposure. [Thstudy was large, 
but had relatively low participation rates.] 

;,,,;;~;;;;;,,;,,;;;;,;,,,:,"'mm/!:2;m,,;;;;;,,;,;,",,;,;;;;;,;;;;,,;,;;;:,t, investigated the asso-
ciation between lifetime use of pesticides and 
multiple myeloma in a population-ba:ed case
control study among men in six Canadian 
provina:s between 1991 and 1994 (ses the 
Mona;;raph on Malathion, S:!ction 2.0, for a 
detailed description of this study). Data from 
342 cases of multiple myeloma and 1357 controls 
were obtained forever-useof pesticides, number 
of pesticidES used, and days per year of pesticide 
use. Thedds ratios were adjusted for age, prov -
ince of residence, type of respondent, smoking 
and medical history. Thedds ratio for ever-use 
of glyphosate was 1.19 (95% Cl, 0.76--1.87; 32 
cases). When the analysis was conducted by level 
of exposure, no association was found for light 
users (:::; 2 days per year) of glyphosate (OR, 0.72; 
95% Cl, 0.39--1.32; 15 exposed cases) while the 
odds ratio in heavier users(> 2 daysperyear)was 
2.04 (95%CI, 0.98-4.23; 12exposed cases). [The 
study had relatively low response rates. Multiple 
myeloma is now considered a subtype of N H L] 

(c) Care-controlstudiesinSweden 

,;,N;;,;;;,;M::::::;;;,;m;~,;,,:,;MM;::;,;;MM;;;,;,;,mmc:,,,,;,,;;,;;;,;;;;,;,, conducted a popu-
lation case-control study in Sweden on hairy 
cell leukcemia (considered to be a subgroup 
of NHL). Thatudy included 121 cases in men 
and 484 controls matched for age and sex. An 
age-adjusted odds ratio of 3.1 (95% Cl, 0.8--12; 
4 exposed cases) was observed for exposure to 
glyphosate. [Thi93tudy had limited power to 
detect an effect ,and there was no adjustment for 
other exposures.] 

reported the 
results of a population-ba:ed case-control study 
on the incidence of N H L in men associated with 
pesticide exposure in four northern counties in 
Sweden. Exposure data was collected by ques
tionnaire (also supplemented by telephone inter
views) from 404 cases (192 deceased) and 741 
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controls (matched by age, sex, county, and vital 
status). Increased risks of NHL were found for 
subjects exposed to herbicides and fungicides. 
Thedds ratio forever-useofglyphosatewas2.3 
(95% Cl, 0.4-13; 4exposed cases) in a univariate 
analysis, and 5.8 (95%CI, 0.6--54) in a multivar
iable analysis. [Thexposure frequency was low 
for glyphosate, and the study had limited power 
to detect an effect.The-ariables included in the 
multivariate analysis were not specified. This 
study may have overlapped partially with those 
of ,;,,,:,;"';,;,;;;;;;;;;;;,:,,,;;;;;,"'<::Jm:,m,;,p;;;:;;,;;::,;,,L, • J 

,;,,,;,;;;:,;,,;;;,;;,:;;ty";;:~::mz:,L:,;,,,\J;;;;;;;,;;;f:::;;,J,, conducted a pooled anal-
ysis of two case-control studies, one on N HL 
(already reported in ,;,,;,;;;;;,;",;;,;;;,;,,,,;;;,;,,,,:;;;,:,,;,,;,;;;;;;;;;,;,;;,;,,;;,;,,m,;,,;;;,,;;;;;,;; I 

and another on hairy cell leukaemia, a subtype 
of N H L (already reported by i:;~::0';,',~i,7:,;,,,;;;;,;,;,:mm::;,;;,,,;;;;;;;,,;,j, 

Thepooled analysis of N H L and hairy 
cell leukaemia was based on 515 cases and 1141 
controls. Increased risk was found for exposure 
to glyphosate (OR, 3.04; 95% Cl, 1.08--8.52; 8 
exposed cases) in the univariate analysis, but the 

Glyphosate 

or with an odds ratio of > 1.50 and at least 10 
exposed subjects (2,4,5-T and/or 2,4-D; mercu
rial S93CI dressing, arsenic, creosote, tar), age, 
sex, year of diagnosis or enrolment. Thffidds 
ratio for exposure to glyphosate was 2.02 (95% 
Cl, 1.10-3.71)in a univariate analysis, and 1.51 
(95% Cl, 0.77--2.94) in a multivariable analysis. 
When exposure for more than 10 days per year 
was considered, the odds ratio was 2.36 (95%CI, 
1.04-5.37). With a latency period of > 10 years, 
the odds ratio was 2.26 (95% Cl, 1.16-4.40). 
ThEassociations with exposure to glyphosate 
were reported also for lymphoma subtypes, and 
elevated odds ratios were reported for most of the 
cancer forms, including B-cell lymphoma (OR, 
1.87; 95% Cl, 0.998--3.51 )and the subcategory of 
small lymphocytic lymphoma/chronic lympho
cytic leukaemia (OR, 3.35; 95% Cl, 1.42--7.89; 
[not adjusted for other pesticides]). [Thi5Vas a 
large study; there was possible confounding from 
use of other pesticides including MCPA, but this 
was considered in the analysis.] 

odds ratio decreased to 1.85 (95%CI, 0.55--6.20) 
when study, study area, and vital status were (d) 
considered in a multivariate analysis. [Thexpo -

Other care-control studies in Europe 

,;;;:;:,,,,,,,,,:;cm,,,,,,,,,;;,;,;,;,,c;,,"''''"''';,;;;;;,;,, reported the results of a 
sure frequency was low for glyphosate and the 
study had limited power. ThiS3tudy partially 
overlapped with those of ;;,,,;;;,om:::;;:;;;;,,,,,;;;;,,,,,;;;;:,;,;,,;;:;:;;,:,;,,:,;, 

::::,:,,;,,:,;,::;::;;;;;;;,,,;,m,;;;,;,,,;;;;;;,;,m,l,f::c::::::::::::Zm reported the resu Its of 
a population based case-control study of expo
sure to pesticides as a risk factor for N HL Men 
and women aged 18--74 years living in Sweden 
were included from 1 December 1999 to 30 
April2002. Incident cases of NHL were enrolled 
from university hospitals in Lund, Linkoping, 
Orebro, and Umea. Controls (matched by age 
and sex) were selected from the national popu
lation registry. Exposure to differentagents was 
assessed by questionnaire. In total, 910 (91%) 
cases and 1016 (92%) controls participated. 
Multivariable models included agents with 
statistically significant increased odds ratios 
(MCPA, 2-methyl-4-chlorophenoxyacetic acid), 

hospital-based case-control study conducted in 
six centres in France between 2000 and 2004. 
Incident cases with a diagnosis of lymphoid 
neoplasm aged 20-75 years and controls of the 
same age and sex as the cases were recruited in 
the same hospital, mainly in theorthopaedicand 
rheumatological departments during the same 
period. [ThtWorking Group noted that the age 
of case eligibility was given in the publication as 
20-75years in the materials and methods section, 
but as 18--75 years in the abstract.] Exposures 
to pesticides were evaluated through specific 
interviews and case-by-case expert reviews. The 
analyses included 491 cases (244 cases of N HL, 
87 cases of Hodgkin lymphoma), 104 of lymph
oproliferativesyndrome, and 56 cases of multiple 
myeloma),and456age-andsex-matchedcontrols. 
Positive associations between some subtypes 
and occupational exposure to several pesticides 

27 
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were noted. Thedds ratios associated with any 
exposure to glyphosate were 1.2 (95%CI, 0.6--2.1; 
27 exposed casES) for all lymphoid neoplasms 
combined, 1.0 (95% Cl, 0.5--2.2; 12 exposed 
casES) for NHL, 0.6 (95%CI, 0.2-2.1;4exposed 
casES) for lymphoproliferative syndrome, 2.4 
(95%CI, 0.8-7.3)for multiple myeloma, and 1.7 
(95% Cl, 0.6--5.0; 6 exposed casES) for Hodgkin 
lymphoma, afteradjusting for age, csntre, and 
socioeconomic category ("blue/white collar"). 

,;;;::::!:~::,,::"'~·,,,,;2,L.52L:MM:J,!oz~,,,,:,:::J reported the results of a 
pooledanalysisofc:ase--controlstudiesconducted 
in six European countries in 1998--2004 
(EPILYMPH, Czech Republic, Francs, Germany, 
Ireland, Italy, and Spain) to investigate the role of 
occupational exposure tospecificgroupsofchem -
icals in the etiology of lymphoma overall, B-csll 
lymphoma, and its most prevalent subtypes. A 
total of 2348 incident casES of lymphoma and 
2462 controls were recruited. Controls from 
Germany and Italy were randomly selected by 
sampling from the general population, while the 
restofthecsntresused matched hospital controls. 
Overall, the participation rate was 88% for casES 

81%for hospital controls, and 52% for populatio~ 
controls. An occupational history was collected 
with farm work-specificquestions on type of 
crop, farm size, pests being treated, type and 
schedule of pesticide use. In each study csntre, 
industrial hygienists and occupational experts 
~ exposure to specificgroups of pesti -
cides and individual compounds with the aid of 
agronomists. [Thereforeny exposure misclas -
sification would be non-differential.] Analyses 
were conducted for lymphoma and the most 
prevalent lymphoma subtypes adjusting for age, 
sex, education, and csntre. Lymphoma overall, 
and B-csll lymphoma were not associated with 
any Cia$ of the investigated pesticides, while 
the risk of chronic lymphocytic leukcemia was 
elevated among those ever exposed to inorganic 
and organic pesticides. Only for a feN individual 
agrochemicals was there a sizeable number of 
study subjects to conduct a meaningful analysis, 

28 

and the odds ratio for exposure to glyphosate 
and B-csll lymphoma was 3.1 (95%CI, 0.6--17.1; 
4 exposed casES and 2 exposed controls). [The 
study had a very limited power to assess the 
effects of glyphosate on risk of N H L] 

2.2.2 Other haematopoieticcancers 

·'"~,2.:'''''"·'"',.," .. :,,2,:.:.,M •• ,.£,,;,.!£;,:,,:,t., also reported results for 
Hodgkin lymphoma (~S3ction 2.2.1). 

:.~;;;;.,;";;;C,L.!::,5}.L5d!Z:S:!L:;;;,;;,,Si,LSd!L: •• J.,:Y:t:~,!;J),~ COndUCted a case-
COntrOl study of Hodgkin lymphoma among 
white men, aged 19yearsorolder, in six regionsof 
Canada (~the Malathion Monq;Jraph, S3ction 
2.0, for a detailed description of this study). The 
analysis included316c:asESand 1506age-matched 
(± 2 years) controls. Based on 38 casES exposed 
to glyphosate, the odds ratios were 1.14 (95%CI, 
0.74-1.76)adjustedforageand provincs, and 0.99 
(95% Cl, 0.62-1.56) when additionally adjusted 
for medical history variables. 

evaluated exposure 
to carcinogens in an agricultural setting and 
the relationship with leukcemia in a popula
tion-based case-control interviENJ study in Iowa 
and Minnesota, USA, including 578 white men 
with leukcemia and 1245 controls. Thexposure 
assessment was done with a personal interviENJ 
of the living subjects or the next-of-kin. Farmers 
had a higher risk of all leukcemias compared 
with non-farmers, and associations were found 
for exposure to specific animal insecticides 
including the organophosphates crotoxyph~, 
dichlorvos, famphur, pyrethrins, and methoxy
chlor. Thedds ratio for glyphosate was 0.9 (95% 
Cl, 0.5--1.6; 15 exposed casES; adjusted for vital 
status, age, state, tobacco use, family history of 
lymphopoietic cancsr, high-risk occupations, 
and high-risk exposures). [Thiwasa large study 
in an agricultural setting, but had limited power 
for studying the effects of glyphosate use.] 
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2.3 Case-control studies on other 
cancer sites 

2.3.1 Cancer of the oesophagus and stomach 

1,;:;22::Ls2, 5,21,.w,.f,:.::::.:,c::r!:::.t ... evaluated the risk of adeno
carcinomas of the oesophagus and stomach 
associated with farming and agricultural pesti
cide use. Thepopulation-based case-control 
study was ronducted in eastern Nebraska, USA. 
Subjects of both sexes diagnosed with adenocar
cinoma of the stomach (n = 170) or oesophagus 
(n = 137) betwesn 1988 and 1993 were enrolled. 
Controls (n = 502) were randomly selected from 
the population registry of the same geographical 
area. The:sponse rates were 7~/o for canCEr of the 
stomach, 88% for canCEr of the oesophagus, and 
83% for rontrols. Adjusted odds ratios were esti
mated for use of individual and chemical classes 
of insecticides and herbicides, with non-farmers 
as the referenCE category. No association was 
found with farming or ever-use of insecticides 
or herbicides, or with individual pesticides. For 
ever -use of glyphosate, the odds ratio was 0.8 
(95%CI, 0.4-1.4; 12exposed cases) for canCEr of 
the stomach, and 0.7 (95%CI, 0.3--1.4; 12exposed 
cases) for oesophageal canCEr. [Thestudy was 
ronducted in a farming area, but the power to 
detect an effect of glyphosate use was limited.] 

2.3.2 Cancer of the brain 

: ....• ~:,~.::;;O.::::>! .•.• ::t .. > •.•.•.• '."·': ••.• v:::.c::~ .• :: ...• :.J. ... ronducted a case-control 
study on glioma among nonmetropolitan 
residents of Iowa, Michigan, Minnesota, and 
Wisronsin in the Upper Midwest Health Study, 
USA. Thestudy included 457 cases of glioma 
and 648 population-based rontrols, all adult 
men. Exposure assessment was done with inter
views of the subject or the relatives. Tha:sponse 
rates were 93% and 70% for cases and ron trois, 
respectively. No association were found with any 
of the pesticides~' including glyphosate. 
[Giyphosate use was~' but specificresults 
were not presented.] 

Glyphosate 

.:::";;;;;: •• :.. •• ::::..:: •• : •• : ..... ::;;; •• : •••••• ::;.; •• ; •• ; ••••••••. ;;::: •••• : •••.••••••••• ..J. evaluated the effectsof 
rural exposures to pesticides on risk of glioma 
among women aged 18--80 years who were 
non metropolitan residents of Iowa, Michigan, 
Minnesota, and Wisronsin in the Upper Midwest 
Health Study, USA. A total of341 cases of glioma 
and 528rontrolswereenrolled. A personal inter
viewwascarried outforexposureassessment. The 
response rates were 90% and 72%, respectively. 
Afteradjustingforage, age group, education, and 
farm residenCE, no association with glioma was 
observed for exposure to several pesticide classes 
or individual pesticides. Therervas a reduCEd 
risk for glyphosate (OR, 0.7; 95% Cl, 0.4-1.3; 18 
exposed cases). These:sultswerenotaffectedby 
the exclusion of proxy respondents ( 43%of cases, 
2% of rontrols). 

!~;;;;;;;;;;!: .•.• :.::::: •••..• ::.!! .... : .......... ::;::.:::.:::: .. :: .. ? .. . evaluated the a:x;ociation 
betwesn farming and agricultural pesticide use 
and risk of adult glioma in a population-based 
case-control study in eastern Nebraska, USA. 
Cases of glioma were in men and women (n = 251) 
and were rompared with population rontrols 
from a previous study (n = 498). A telephone 
interview was ronducted for 8~/o of the cases 
and 83% of the rontrols. Adjusted odds ratios 
for farming and for use of individual and chem
ical classes of insecticides and herbicides were 
calculated using non-farmers as the referenCE 
category. Among men, ever living or working 
on a farm and duration of farming were associ
ated with significantlyincreased risks of glioma, 
but the positive findingswere limited to proxy 
respondents. Among women, there were no posi
tive associations with farming activities among 
self or proxy respondents. Some specificpesti -
cidefamilies and individual pesticides wereasso
ciated with significantly increased risks among 
male farmers, but most of the positive associa
tions were limited to proxy respondents. There 
was a non-significanexcess risk with glyphosate 
usefortheoverall group (OR, 1.5;95%CI, 0.7-3.1; 
17 exposed cases), but there was inronsistency 
betwesn observations for self-respondents (OR, 

29 

EPA-HQ-2016-010431_00001156 



IARC MONOGRAPHS -112 

0.4; 95% Cl, 0.1-1.6)and observations for proxy 
respondents (OR, 3.1; 95% Cl, 1.2--8.2). [The 
study had limited power to detect an effectof 
glyphosate use, and the inconsistencies for self 
and proxy respondents made the results difficult 
to interpret.] 

2.3.3 Ebft tissue sarcoma 

:w.:;;;,;,,;,,;.;,;c;,wmC::,;,.,,:z:,;.,;,,,,s:::::,w:mmm:mfom reported the results of 
the softtissue sarcoma component of the cross
Canada study in relation to specificpesticides, 
including 357 CCB3S of soft tissue sarcoma and 
1506 population controls from 1991-1994. The 
fully adjusted odds ratio for glyphosate use was 
0.90 (95%CI, 0.58--1.40). 

2.3.4 Cancer of the prostate 

~:~''""·'''':::,m::c:;,;,,.,,,,,,,,,,,.,,,',,,;,,,,,,;,,,L,ft,, report results of a case-
control study including 1516patientswith cancer 
of the prostate (ascertained by the cancer registry 
of British Columbia, Canada, for 1983--90) and 
4994 age-matched controls with cancers at all 
other cancer sites excluding lung and unknown 
primary site. Agricultural exposures were 
~ by job-exposure matrix. A total of 60 
CCB3S were exposed to glyphosate (adjusted OR, 
1.36; 95% Cl, 0.83--2.25). 

2.3.5 Childhood cancer 

Parental exposure to pesticides, including 
glyphosate, was ~ in a population-based 
case-control study of childhood leukaemia in 
Costa Rica However,associ
ations of childhood cancer with glyphosate were 
reported only for an "other pesticidES" category 
that also included paraquat, chlorothalonil, and 
other chemicals. [Because glyphosate was not 
specifically~, this study was not evalu
ated by the Working Group.] 
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2.4. Meta-analyses 

;o;;;;,;,;;;,;.;;;"'"''::::: ••• :::::m.::;;;;;;,:::f:,;,,.:.w:,,"';,;;;,,;,.,:w; conducted a system-
atic review and meta-analysis of N HL and occu
pational exposure to agricultural pesticides, 
including glyphosate. Themeta-analysis for 
glyphosate included six studies ,,:,;:m:,::c:::::e,:::,:,:,s:;;;,L,::::::,,,:::::,,,, 

£:::::!,!;c;;,;;;5;;l, :::;,;,,;,,;,;,;;;;;::,;;;;;,:,,,;,.;~,;:w:::::,:,::,!::::c:,;;,;:;;,' ,;;;!;,;;,;:::;,.;;;,;,,,;;;;,:,;;,;,,!:;,;;;;,;;;tL:::: I and 
yielded a meta risk-ratio of 1.5 (95%CI, 1.1-2.0). 
[ThEWorking Group noted that the most fully 
adjusted risk estimates from the articles by 
,:,m,;,;;;;;;,;,.;;;;;;:;;;;;,;.w;;;;,;,,,,;;;;;,,;,,,;;;;:;,;;.;;,;;::,;:,, and ;;;;;;,:,,,;,,;.;;;;;;;;;;;;,;,,;,,,;;;;;,,,,;;;;;,:,,;,,,,;,::;;:;,;;;;;;;,;., 
were not used in this analysis. Afterconsidering 
the adjusted estimates of the two Swedish studies 
in the meta-analysis, the Working Group esti
mated a meta risk-ratioof 1.3 (95%CI, 1.03--1.65), 
12 = 0%, Pfor heterogeneity 0.589.] 

3. Cancer in Experimental Animals 

3.1.1 Dietary administration 

Groups of 50 male and 50 female CD-1 mice 
[age not reported] were given diets containing 
glyphosate (purity, 99.7%) at a concentration of 
0, 1000, 5000, or 30 000 ppm, ad libitum, for 24 
months. Therwas no treatment-relatedeffecbn 
body weight in male and female mice at the lowest 
or intermediate dose. Ther6/\/as a consistent 
decrease in body weight in the male and female 
mice at the highESt dose compared with controls. 
Survival in all dosegroupswassimilar to that of 
controls. TherE!IIIas a positive trend ( P = 0.016, 
trend test; see in the incidence of 
renal tubule adenoma in dosed male mice: 0/49, 
0/49, 1/50 (2%), 3/50 (6%). [ThEWorking Group 
noted that renal tubule adenoma is a rare tumour 
in CD-1 mice.] No data on tumours of the kidney 
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Table3.1 Studies of carcinogenicity with glyphosate in mice 

Species, strain (sex) DOSing regimen, 
Duration AnimaltVgroup at start 
Reference 

Moure, CD-1 (M, F) 
24mo 

DiEt containing glyphosate (tEChnical 
grade; purity, 99.7%) at conCEt~trationsof 
0, 1000,5000, or 30000ppm, ad libitum, 
for24mo 
50 M and 50 F/group [age, NR] 

For each target organ: inCidence Significance 
(%)and/or multipliCity of tumours 

Mates 
Renal tubule adenoma: 0!49, 0!49, 
1/50 (2%), 3!50 (6%) 
Females 
No data provide:l on the kidney 

Report from the PING of the 

Mates 
Renal tubuleadaloma: 1/49 (2%), 
0!49, 0!50, 1/50 (2%) 
Ra-1a1 tubule carCinoma: 0/49, 0/49, 
1/50 (2'/o), 2/50 ( 4%) 
Ra-1a1 tubule adenoma or carcinoma 
(combina:J): 1/49 (2%), 0!49, 1/50 
(2'/o), 2150 (6%) 

Ptor trend = 0.016; 
ree Comments 

[NS] 

[P= 0.037; Cochran
Armitage tra-1d test] 
[P= 0.034; Cochran
Armitage trend test] 

Comments 

No information wasprovida:J on 
ra-1a1 tubule adenomas in female 
mice, or on statistiCal analy92Sof 
tumour data 
EPA ra::omma-1da:J that additional 
renal sa::tionsbecut and e.taluata:J 
from all control and tra:tta:J male 
mice. Thf3athology report for 
theseadditional sa::tions( 

showe:l thesameincidalce 
of renal tubuleadenomasas 
originally reporta:J, with no 
SignificantdiffEfalcein incidalce 
wha-1 comparing control and 
tra:tta:J groups; howe.ter, the test 
for linear trend in proportions 
resulte:l in P= 0.016 
,~~4~~"","·"'"'''"'· convena:J a PING and 
ra::Juesta:J additional pathological 
and statistiCal information on 
kidneytumoursobrerva:J in male 
micetra:tte:l with glyphosate 
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Table3.1 (continued) 

Species, strain (sex) DOSing regimen, For each target organ: inCidence Significance 
Duration AnimaltVgroup at start (%)and/or multipliCity of tumours 
Reference 

MOUSE\ Siviss (M) 
32wk 

Initiation-promotion study 
S<in application of glyphosate-bas:d 
formulation (glyphosat~ 41%; POEA, 
-15%)(referra:l to as" glyphosate') 
diSE'OivEd in 50%Ethanol; DMBA 
diSE'OivEd in 50% Ethanol, and TPA 
diSE'OivEd in 50% acetone, us:d in the 
groups descri ba:l bel ow 
20M/group 
Group I: untr631:Ed control (no tr631:ment) 
Group II : gl yphosate on I y: 25 mgl kg bw 
topically, 3 x /Wk, for 32wk 

S<in tumours[calla:l "papillomas" 
by the authors, following gross 
ecamination only] 

Group I: 0!20 

Group II: 0!20 

Group Ill: single topical application of 
DMBA, 521-Jglmous:l, followa:l1 wk later 
by TPA, 51-Jglmouse, 3 x /wk, for 32 wk 
Group IV: Single topical application of 
glyphosate, 25 mglkg bw, followEd 1 wk 
later by TPA, 51-Jglmouse, 3 x /wk, for 32 

Group Ill: 20!20*, 7.8 ± 1.1 *P< 0.05 vs groups 
VI and VII 

Group I: 0/20 

wk 
Group V: 3 x /wk topical application Group V: 0/20 
of glyphosate, 25 mglkg bw, for 3wk, 
followEd 1 wk later by TPA, 51-Jglmouse, 
3 x /wk, for 32 wk 
Group VI: Single topical application of Group VI: 0/20 
DMBA, 521-Jglmouse 
Group VII: topical application ofTPA, Group VII: 0/20 
51-Jglmouse, 3 x /wk, for 32wk 
Group VIII: single topical application of Group VIII: 8/20*, 2.8± 0.9 *P< 0.05vsgroup VI 
DMBA, 521-Jglmouse, followEd 1 wk later 
by topical tr631:ment with glyphosate, 
25 mgt kg bw, 3 x /wk, for 32 wk 

Comments 

Slort duration oftr631:ment, no 
solvent controls, and lack of any 
histopathological e.taluation 
Age at start, NR(miceweighEd 
12-15gbw) 
[The Working Group concluda:l 
thiswasan inadequatestudyfor 
thee.taluation of glyphosate] 

bw, body weight; DMBA, 7,12-dimethylbenz[ a]anthraoene; EPA, United ~ctesEnvironmental Protoction Agency; F, femae; M, mae; mo, month; NR, not reported; NS, not ~gnifiGalt; 
POEA, polyethoxylcted talowamine; PVVG, pcthology working group; TPA, 12- 0-tetradea:noyl-phorbol-13-a;etcte; vs, verSJs; wk, wffi<; yr, yea 
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were provided for female mire. No other tumour 
sites were identified( Subsequent to 
its initial report the United States 
Environ mental Protection A~ncy (EPA) recom
mended that additional renal ffi<::tions be cut and 
evaluated from all male mire in the control and 
treated groups. ThEpathology report for thes:l 
additional ffi<::tions indicated the 
same incidenreof renal tubule adenoma as orig
inally reported, with no significant increase in 
incidenCE between the control group and treated 
groups by pairwise comparison. However, as 
already reported above, the test for linear trend 
in proportions resulted in a significanCE of 
P= 0.016. The also requested that a 
pathology working group (PWG) be convened 
to evaluate the tumours of the kidney observed 
in male mire treated with glyphosate, including 
the additional renal ffi<::tions. In this second eval
uation, the PWG reported that the incidenCE of 
adenoma of the renal tubule was 1/49 (2% ), 0/49, 
0/50, 1/50 (2%) [not statistically significant];the 
incidenCE of carcinoma of the renal tubule was 
0/49,0/49, 1/50 (2%),2/50 (4%) [P= 0.037, trend 
test forcarcinoma];and the incidenreofadenoma 
or carcinoma (combined)ofthe renal tubule was 
1/49 (2%), 0/49, 1/50 (2%), 3/50 (6%) [P = 0.034, 
trend test for combined]. [ThEWorking Group 
considered that this second evaluation indicated 
a significant increase in the incidenCE of rare 
tumours, with a dose-related trend, which could 
be attributed to glyphosate. ";";"';W;"'.;;"';M; •• ;.;;;.: •••• ;;;; •••••• M;;.;MM.M•;•Mw: ••••• : • .::.: ••• :. 

reported that only 1 out of 725 [0.14%] 
CD-1 male mire in their historical database had 
developed renal rell tumours (one carcinoma).] 

[ThEWorking Group noted the differences 
in histopathological diagnosis between pathol
ogists. Proliferative lesions of the renal tubules 
are typically categorized according to published 
criteria as hyperplasia, adenoma, or carcinoma 
Theifferencas not trivial, because focal hyper -
plasia, a potentially preneoplastic lesion, should 
be carefully differentiatedfrom the r~nerative 
changes of the tubular epithelium. Theres a 

Glyphosate 

morphological continuum in the development 
and progression of renal neoplasia Thu!lar~r 
mCHXSmayexhibitgreaterheter~neityin histo
logical growth pattern, and cytologically more 
pleomorphism and atypia than smaller lesions 

Of note, a renal tumour 
confirmedby the PWGafterre-evaluation of the 
original slidES had not been SESn in 
the re-ffi<::tioned kidney slidES This 
may be related to the growth of tumour that -
in contrast to tumours in other organs- is not 
spherical but elliptical because of the potential 
expansion in tubules. In addition, the conrept 
of tubular expansion without compression of 
adjarent parenchyma may be at the basis of the 
discrepancy between the first( and 

second evaluation '""''·······'······:'··'·······'··''""·"'···'""~"J 
In another study reported to the Joint FAO/ 

WHO Meeting on Pesticide Residues (JMPR), 
groups of 50 male and 50 female CD-1 mire [ ~ 
at start not reported] were given diets containing 
glyphosate (purity, 98.6%) at a conCEntration 
that was adjusted weekly for the first13 weeks 
and every 4 weeks thereafterto give doses of 0, 
100, 300, or 1000 mg/kg bw, ad libitum, for 104 
weeks Theretas no treatment-re -
lated effecton body weight or survival in any 
of the dosed groups. Thenwas an increase in 
the incidenCE of haemangiosarcoma in males-
0150,0150,0150,4150 (8%) [P< 0.001, Cochran
Arm it~ trend test], and in females- 0150,2150 
( 4% ),0/50, 1/50 (2%) [ notstatistically significant], 
and an increase in the incidenCE of histiocytic 
sarcoma in the lymphoreticular/haemopoietic 
tig;ue in males- 0/50, 2/50 ( 4% ), 0/50, 2/50 ( 4% ), 
and in females- 0150,3/50 (6%),3/50 (6%), 1/50 
(2%) [not statistically significant for males or 
females]. [ThEWorking Group considered that 
this study was adequately reported.] 
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3.1.2 lnitiatio~promotion 

Groups of 20 male Swiss mire [age at start 
not reported; body weight, 12-15g] were given a 
glyphosate-based formulation (glyphosate, 41%; 
polyethoxylated tallowamine, -15%) (referred to 
asglyphosate in the article) that was dissolved in 
50% ethanol and applied onto the shaved back 
skin Treatment groups were 
identified as follows: 

• Group I -untreated control; 

• Group II - glypha:ate only (25 mg/kg bw), 
applied topically thres times per wesk for 32 
wesks; 

• Group Ill - single topical application of 
dirrethyltenz[ a]anthra::ere (DMBA; in ethanol; 
52 !Jg/mouse), followed 1 wesk later by 
12-0-tetradec:anoylphorbol-13-acstate(TPA; 
in acstone;51-1Q/mouse),applied topicallythres 
times per V'JESk for 32 V'JESks; 

• Group IV - single topical application of 
glyphosate (25 mg/kg bw) followed 1 wesk 
later by TPA (in acstone; 51Jg/ mouse), applied 
topically thres times per wesk for 32 wesks; 

• Group V - glyphosate (25 mg/kg bw) applied 
topically thres times per wesk for 3 wesks 
(total of nine applications), followed 1 V'JESk 
later by TPA (in acstone; 5 !Jg/mouse ),applied 
topically thres times per wesk for 32 wesks; 

• Group VI - single topical application of 
DMBA (in ethanol; 521Jg/mouse); 

• Group VII - TPA (in acstone; 5 !Jg/mouse), 
applied topically thres times per wesk for 32 
wesks; and 

• Group VIII -single topical application of 
DMBA (in ethanol; 52 !Jg/mouse), followed 
1 wesk later by glyphosate (25 mg/kg bw), 
applied topically thres times per wesk for 32 
V'JESks. 

All mire were killed at 32 V'JESks. Skin 
tumours were observed only in group Ill (posi
tive control, DMBA + TPA, 20/20) and group 
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VIII (DMBA + glyphosate, 8/20; P< 0.05 versus 
group VI [DMBA only, 0/20]). No microscopic 
examination was conducted and tumours were 
observed "as a minute wart like growth [that the 
authors called squamous csll papillomas], which 
progressed during the course of experiment." 
[Th~lyphosate formulation tested appeared to 
be a tumour promoter in this study. Thelesign 
of the study was poor, with short duration of 
treatment, no solvent controls, small number of 
animals, and lack of histopathological exami
nation. ThWorking Group concluded that this 
was an inadequate study for the evaluation of 
glyphosate.] 

3.1.3 R3view arlicles 

,:~:!,Lc::::J,,!,l,:,,:,,:~,,,,,:,,,;,,,,,,},,;;,,;;,:,,:,::::Lt, have published a review 
article containing information on five long
term bioassay fEeding studies in mire. Of these 
studies, one had besn submitted for review to the 
EPA and one to the 
JMPR these studies are discussed 
in ~tion 3.1.1. ThEfeview article reported on 
an additional thres long-term bioassay studies in 
mire that had not besn previously available in 
the open literature, but had besn submitted to 
various organizations for registration purposes. 
ThEEeview article provided a brief summary of 
each study and referred to an online data supple
ment containing the original data on tumour 
incidencs from study reports. Thahres addi -
tional long-term bioassay studies in mire are 
summarized below. [ThEWorking Group was 
unable to evaluate these studies, which are not 
included in ~tion 5.3, because the 
information provided in the review article and 
its supplement was insufficien(e.g. information 
was lacking on statistical methods, choics of 
dOSES, body-weight gain, survival data, details of 
histopathological examination, and/or stability 
of dosed fesd mixture).] 

In the first study (identified as Study 12, 
1997a), groups of 50 male and 50 female CD-1 
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mire [age at start not reported] were given diets 
containing glyphosate (purity, 94-96%) at a 
concsntration of 0, 1600, 8000, or 40 000 ppm 
for 18 months. TrnncrEESe in the incidencs of 
bronchiolo-alveolar adenoma and carcinoma , 
and of lymphoma, was reported to be not statis
tically significantin males and females recsiving 
glyphosate. [ThEWorking Group was unable to 
evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.] 

In the second study (identifiedas Study 13, 
2001 ), groups of 50 male and 50 female Swiss 
albino mire [age at start not reported] were 
given diets containing glyphosate (purity,> 95%) 
at a concsntration of 0 (control), 100, 1000, or 
10 000 ppm for 18 months. Theuthors reported 
a statistically significantincrEESe in the incidencs 
of malignant lymphoma(nototherwisespecified, 
NOS) in males at the highest dose: 10/50 (20%), 
15/50 (30%), 16/50 (32%), 19/50 (38%; P< 0.05; 
pairwise test);and in females at the highESt dose: 
18/50 (36%), 20/50 (40%), 19/50 (38%), 25/50 
(50%; P < 0.05; pairwise test). [ThEWorking 
Group was unable to evaluate this study because 
of the limited experimental data provided in the 
review article and supplemental information.] 

In the third study (identifiedas Study 14, 
2009a), groups of 51 male and 51 female CD-1 
mire [age at start not reported] were given diets 
containing glyphosate (purity, 94.6--97.6%) at a 
concsntration of 0, 500, 1500, or 5000 ppm for 
18 months. Incidences for bronchiolo-alveolar 
adenoma and carcinoma, malignant lymphoma 
(NOS), and hepatocsllular adenoma and carci
noma in males, and for bronchiolo-alveolar 
adenoma and carcinoma, malignant lymphoma 
(NOS) and pituitary adenoma in females, were 
included in the article. In males, the authors 
reported that therewasasignifican1positivetrend 
[statistical test not specified] in the incidencs of 
bronchiolo-alveolar carcinoma (5/51, 5/51, 7/51, 
11/51)and of malignant lymphoma (0/51, 1/51, 
2/51, 5/51). [ThM/orking Group was unable to 

Glyphosate 

evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.] 

3.2.1 Drinking-water 

Groups of 10 male and 10 female Sprague
Dawley rats (age, 5 weeks) were given drinking
water containing a glyphosate-based formulation 
atadoseofO(control),1.1 x 10Bo/o(5Dx10 -smg!L), 
0.09% (400 mg/L) or 0.5% (2.25 x 1()3 mg/L), a::1 
libitum, for24 months [The 
study reported is a life-long toxicology study on 
a glyphosate-based formulation and on geneti
cally modifiedNK603 maize, which the authors 
stated was designed as a full study of long-term 
toxicity and not a study of carcinogenicity. No 
information was provided on the identity or 
concsntration of other chemicals contained in 
this formulation.]Survival was similar in treated 
and control rats. [No data on body weight were 
provided.] In female rats, there was an almost 
twofold incrEESe in the incidenCE of tumours 
of the mammary gland (mainly fibroadenoma 
and adenocarcinoma) in animals exposed to 
the glyphosate-based formulation only versus 
control animals: control, 5/10(50%);1owest dose, 
9/10 (90%); intermediate dose, 10/10 (100%) 
[P< 0.05; Fisher exact test]; highESt dose, 9/10 
(90%). [ThtWorking Group concluded that this 
study conducted on a glyphosate-based formu
lation was inadequate for evaluation because 
the number of animals per group was small, the 
histopathological dEScription of tumours was 
poor, and incidences of tumours for individual 
animals were not provided.] 

In another study with drinking-water, 
,:"~,,L~:,,:~,,~,,,,,,:;,::;,,,~,,:,c:,:,::::::L,,:":,:,,,,~:~:L:,,,,;,j;;":::::;,:,:::LJ gave groups of 55 
male and 55 female Wistar rats (age, 6--7 weeks) 
drinking-water containing an ammonium salt 
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of glyphosate as a 13.85% solution [purity of 
glyphosate, not reported] that was LEed to make 
aqueous solutions of 0 (rontrol), 300, 900, and 
2700 mg/L, for 24 months [details on the dosing 
regimen were not reported]. Thauthors reported 
that survival and body-weight gain were similar 
in treated and rontrol animals. No significant 
increase in tumour incidenCE was reported in 
any of the treated groups. [ThEWorking Group 
noted the limited information provided on 
dosing regimen, histopathological examination 
method, and tumour incidences.] 

3.2.2 Dietary administration 

ThEIMPR report included information on a 
1-year fesding study in which groups of 24 male 
and 24 female Wistar-Aipk:APfSD rats [age at 
start not reported] were given diets rontaining 
glyphosate (purity, 95.6%)ataronCEntrationofO, 
2000, 8000, or 20 000 ppm, ad libitum, for 1 year 

TherSNas a treatment-related 
decrease in body-weight gain at the two highest 
doses (significantat 20 000 ppm for both ffixes, 
and at 8000 ppm only in females). Therwas no 
treatment-relateddecrease in survival. No signif
icant increase in tumour incidenCEwasobs:lrved 
in any of the treated groups. [ThWorki ng Group 
noted the short duration of exposure.] 

ThEIMPR report also included information 
on a 104-wEEk fesding study in which groups of 
50 male and 50 femaleSprague-Dawley rats [age 
at start not reported] were given diets rontaining 
glyphosate (purity, 98.7-98.9%) at a ronCEntra
tion that was adjusted to provide doses of 0, 10, 
100,300, or 1000 mg/kg bw, ad libitum, for 104 
WEEks Thenwas a treatment-re -
lated decrease in body-weight gain in males and 
females at the highest dOs:l. Therwas no sign if -
icant treatment-related decrease in survival or 
increase in tumour incidenCE in any of the 
treated groups. 

Information was also included in the JMPR 
report on a 24-month fesding study in which 
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groups of 52 male and 52 female Wistar
Alpk:APfSD rats [age at start not reported] were 
given diets rontaining glyphosate (purity, 97.6%) 
ataronCEntrationof0,2000, 6000, or20 000 ppm, 
ad libitum, for 24 months There 
was a treatment-related decrease in body-weight 
gain in males and females at the highest dOs:l, and 
a rorresponding significant increase in survival 
in males. No significantincrease in tumour inci -
denCE was obs:lrved in any of the treated groups. 

provided information 
on a long-term study in which groupsof60 male 
and 60 femaleSprague-Dawley rats (age, 8 wEEks) 
weregivendietsrontainingglyphosate(technical 
grade; purity, 96.5%)ataronCEntrationofO ppm, 
2000 ppm, 8000 ppm, or 20 000 ppm, ad libitum, 
for24 months. Tenanimals pergroupwerekilled 
after12 months. Therwas no rom pound-related 
effecton survival, and no statistically significant 
decreases in body-weight gain in male rats. In 
females at the highest dOs:l, body-weight gain 
wassignificantlydecreased, starting on day 51.1 n 
males at the lowest dOs:l, there was a statistically 
significant increase in the incidenCE of pancre
atic islet CEll adenoma rompared with rontrols: 
8/57(14%)versus 1/58(2%),P:::; 0.05(Fisherexact 
test). Additional analyses by the Z;;;;,,,,,,,Mc,,,,,,,,,,,,;;,,:::,,,,,,"''i 

(using the Cochran-Armitage trend test and 
Fisher exact test, and excluding rats that died or 
were ki lied before wEEk 55) revealed a statistically 
significant higher incidenCE of pancreatic islet 
CEll adenoma in males at the lowest and highest 
doses rom pared with ron trois: lowest dOs:l, 8/45 
(18%; P= 0.018;pairwiffi test); intermediatedOs:l, 
5/49 (10%); highest dOs:l, 7/48 (15%; P = 0.042; 
pairwiffi test) versus rontrols, 1/43 (2%). The 
range for historical rontrols for pancreatic islet 
CEll adenoma reported in males at this labora
tory was 1.8--8.5%. [ThEWorking Group noted 
that there was no statistically significantpositive 
trend in the incidenCE of these tumours, and 
no apparent progression to carcinoma.] There 
was also a statistically significantpositive trend 
in the incidenCE of hepatoCEllular adenoma in 
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Table3.2 Studies of carcinogenicity with glyphosate in rats 

Species, strain (sex) 
Duration 
Reference 

Rat, l:prague-Davley 
(M, F) 
24mo 

Rat, Wil'tar-
AI pk:APfEb ( M, F) 
1 

Rat, Wi&ar
Aipk:APfEb (M, F) 
24mo 

DOSing regimen, 
AnimaltVgroup at start 

Drinking-water containing aglyphosate
basa:J formulation at a concentration 
of 0 (control), 1.1 x 1G-8%(glyphosate, 
5.0 x 10-s mg!L), 0.09% (glyphosate, 
400 mgtl) or 0.5%(glyphosate, 
2.25 x 103 mgtl), ad libitum, for 24 mo 
10M and 10F/group (age, 5wk) 

Diet containing glyphosate (purity, 
95.6%) at concentrations of 0, 2000, 
8000, or 20 000 ppm, ad libitum, for 1 yr 
24Mand24F/ 

Diet containing glyphosate (purity, 
97.6%) at concentrations of 0, 2000, 
6000, or20000ppm, ad libitum, for2yr 
52 M and 52 F/group [age, NR] 

For each target organ: 
incidence(%) and/or 
multi pi icity of tumours 

Significance Comments 

Maire 
No Significant increase in 
tumour incidence observa:J in 
any of thetreatEtl groups 
Female;; 
Mammary tumours 
(mainly fibroadEflomasand 
adenocarcinomas): 5!10 
(50'/o), 9/10 (9.1'/o), 10/10 
(100%)*, 9/10 (9.1'/o) 
Pituitary lESions 
(hypertrophy, hyperplaSia, 
and adenoma): 6/10(60%), 
8/10 (ffi?/o), 7/10 (70%), 7/10 

NS 

*[P<0.05] 

[NS] 

No Significant increase in NS 
tumour incidence observEtl in 
any groups of treatEtl animals 

No Significant increase in NS 
tumour incidEflce observEtl in 
any groups of treatEtl animals 

Data are from an in-depth I ife-long toxicology 
l'tudy on a glyphosate-basa:J formulation and 
NK603 gEfletically modifia:Jmaize; authors 
l'tata:l that thel'tudy was dESi gnEtl as a full 
chronic toxicity and not a carcinogEflicity l'tudy. 
No information providEtl on the identity or 
concentration of other chemicals containEtl in 
this formulation 
Hil'topathology poorly dfSCribEtl and tumour 
incidence;; for individual animals not discusse:J 
in detail. ~all number of animals per group 
[The Working Group concluda:J thiswasan 
inade:juate l'tudy for the e.taluation of glyphosate 
carcinogenicity) 

31ort duration of e<posure 
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Table3.2 (continued) 

Species, strain (sex) 
Duration 
Reference 

DOSing regimen, 
AnimaltVgroup at start 

For each target organ: 
incidence(%) and/or 
multi pi icity of tumours 

Significance Comments 
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Table3.2 (continued) 

Species, strain (sex) 
Duration 
Reference 

Rat q,rague-Oawley 
(M, F) 
LifEtime( up to 26 
mo) 

DOSing regimen, 
AnimaltVgroup at start 

DiEt oontaining glyphosate (purity, 
98. 7%) at ooncentrations of 0 ppm, 
30 ppm (3 mgJkg bw per day), 100 
ppm (10 mgJkg bw per day), 300 ppm 
(31 mg!kg bw per day), ad libitum, up to 
26mo 
50 M and 50 F/group [age, NR] 

For each target organ: 
inCidence(%) and/or 
multi pi iCity of tumours 

Males 
Pancroos (i::tfi a:il): 
Ade1oma: 0!50(0%), 5!49* 
(10%), 2100 (4%), 2100 (4%) 

Carcinoma: 0!50 (0%), 0!49 
(0%), 0!50 (0%), 1/50 (2%) 
Adenoma or carcinoma 
(oombinEd): 0!50 (0%), 5!49 
(10%), 2150(4%), 3/50(6%) 
Females 

Significance Comments 

Ad aloma, 
*[P< 0.05; 
Fisher ecact 
tESt] 

[There was no statistically Significant poSitive 
treld in the incidence of pancrEStic tumours, 
and no apparent progresSion to carcinoma] 

Pancroos(iSI!i Cf:il): NS 
Adenoma: 2150 (4%), 1/00 
(2%), 1/50(2%), 0/50(0%) 
Carcinoma: 0!50 (0%), 1/50 
(2<'/o), 1/50 (C'/o), 1/50 (C'/o) 
Adenoma or carcinoma 
(oombinEd): 2150(10%), 2150 
(C'/o), 2150 (74%), 1/f{J (2%) 

bw, body weight; d, day; F, femae; M, male; mo, month; NR, not reported; NS, not Significmt; wk, weak; yr, y~ 
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males (P = 0.016) and of thyroid follicular cell 
adenoma in females (P= 0.031). [ThM/orking 
Group noted that there wcs no apparent progres
sion to carcinoma for either tumour type.] 

provided information 
on another long-term study in which groups of 
50 male and 50 femaleSprague-Dawley rats [age 
at start not reported] were given diets containing 
glyphosate (purity, 98.7%) at a concentration of 
0, 30 (3 mg/kg bw per day), 100 (10 mg/kg bw 
per day), or 300 ppm (31 mg/kg bw per day), ad 
libitum, for life (up to 26 months). No informa
tion wcs provided on body weight or survival of 
the study animals. An increa:e in the incidence 
of pancreatic islet cell adenoma wcs reported 
in males at the lowest dose: controls, 0/50 (0%); 
lowest dose, 5/49 (10%) [P< 0.05; Fisher exact 
test]; intermediate dose, 2/50 (4%); highest dose, 
2/50 (4%). [ThWorking Group noted that there 
wcs no statistically significant positive dose-re
lated trend in the incidence of these tumours, 
and no apparent progression to carcinoma.] 

3.2.3 Raview arlicles 

,;,,,,,,,,~;;,,,,,:,:,,,,,,,J;,,,,"',,,,,,""'"'''''~""'''"'+' have published a review 
article containing information on nine long
term bioassay fesding studies in rats. Of these 
studies, two had besn submitted for review to 

the two to the JM PR '''"''"'",,,,,,,,,;:,,, 
and one had besn published in the openly 

available scientific literature ( ,::::,:,;,,:,,:::::::,:::,':::;,:::,:::::,:,:::::: 
these studies are discussed earlier 

in !:ection 3.2. Threview article reported on an 
additional four long-term bioassay studies in rats 
that had not besn previously published, but had 
besnsubmittedtovariousorganizationsforregis
tration purposes. Thfeview article provided a 
brief summary of each study and referred to an 
online data supplement containing the original 
data on tumour incidence from study reports. 
ThEfour additional long-term bioassay studies 
in rats are summarized below. [ThEWorking 
Group did not evaluate these studies, which are 
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not included in and!:ection 5.3, because 
the information provided in the review article 
and its supplement wcs insufficien(e.g. infor -
mation lacking on statistical methods, choice of 
doses, body-weight gain, survival data, details on 
histopathological examination and/or stability 
of dosed fesd mixture).] 

In one study (identifiedcs Study 4, 1996), 
groups of 50 male and 50 female Wistar rats [age 
at start not reported] were given diets containing 
glyphosate (purity, 96%) at a concentration 
of 0, 100, 1000, or 10 000 ppm, ad libitum, for 
24 months. It wcs reported that hepatocellular 
adenomcs and hepatocellular carcinomcs were 
found at non-statistically significant incidenCES 
in both males and females. Therwas no signifi -
cant increa:e in tumour incidence in the treated 
groups. [TheWorking Group wcs unable to 
evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.] 

In one study in Sprague-Dawley rats (iden
tifiedcs Study 5, 1997), groups of 50 male and 
50 female rats [age at start not reported] were 
given diets containing glyphosate technical acid 
[purity not reported] ataconcentrationofO, 3000, 
15 000, or25 000 ppm,ad libitum, for24 months. 
Therwcs nosignificantincrea:e in tumour inci -
dence in the treated groups. [ThWorki ng Group 
wcs unable to evaluate this study because of the 
limited experimental data provided in the review 
article and supplemental information.] 

In a second study in Sprague Dawley rats 
(identified cs Study 6, 1997b), groups of 50 
males and 50 females [age at start not reported] 
were given diets containing glyphosate (purity, 
94.6--97.6% )at a concentration of 0, 3000, 10 000, 
or 30 000 ppm, ad libitum, for 24 months. 
Non-significant increases in tumour incidenCES 
compared with controls were noted for skin 
keratoacanthoma in males at the highESt dose, 
and for fibroadenomaof the mammary gland 
in females at the lowest and intermediate doses. 
[ThWorking Group wcs unable to evaluate this 
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study because of the limited experimental data 
provided in the review article and supplemental 
information.] 

In another study in male and female Wistar 
rats (identifiedas Study 8, 2009b), groups of 
51 male and 51 female rats [age at start not 
reported] were fed diets containing glyphosate 
(purity, 95.7%) at a conCEntration of 0, 1500, 
5000, or 15 000 ppm, ad libitum, for 24 months. 
ThEhighest dose was progressively increased 
to reach 24 000 ppm by week 40. A non-signif
icant increase in tumour incidenCE was noted 
for adenocarcinoma of the mammary gland in 
females at the highest dose (6/51 )compared with 
controls (2/51 ). [ThWorking Group was unable 
to evaluate this study because of the limited 
experimental data provided in the review article 
and supplemental information. TheWorking 
Group noted that tumours of the mammary 
gland had been observed in other studies in rats 
reviewed for the present Mona;}raph.] 

4. Mechanistic and Other 
Relevant Data 

4.1 Toxicokineticdata 

4.1.1 Introduction 

Theerbicidal activity ofglyphosate isattrib -
uted to interferenCEwith theproductionofessen
tial aromaticaminoacids In plants, 
glyphosate competitively inhibits the activity 
of enolpyruvylshikimate phosphate synthase, 
an enzyme that is not present in mammalian 
CElls. Glyphosate is degraded by soil microbes 
to aminomethylphosphonic acid (AMPA) (ses 
)mm"m;;;&:mmmm~m:mmmm:mm / a metabolite that can accumulate in the 
environment. In mammals, glyphosate is not 
metabolized efficiently~md is mainly excreted 
unchanged into the urine; however, it has been 
suggested that glyphosate can undergo gut 

Glyphosate 

microbial metabolism in humans \m::m;,;,,;;,,:,;;;,Jm;;mm::;;,;m;m;::;, 

;;::,:::mm;;;:;,,;,,:mmZ::;,;;;m;;::,m::::J and rodents \2:;;;,;,,,;;;;;m;,;;,;;,,;;;,;;;;,,,,;;,;;,,,;,;,;,,;m:mmmm:m,;;;,;;;,,;,j• 

4.1.2 Absorption 

(a) Humans 

Data on the absorption of glyphosate via 
intake of food and water in humans were not 
available to the Working Group. Inhalation of 
glyphosate is considered to be a minor route 
of exposure in humans, because glyphosate is 
usually formulated as an isopropylamine salt 
with a very low vapour pressure \mm!mw:::"'"'""'"'"":,;,,;,;,;;;;,;:;,;;;;,;;;tj 

In the Farm Family Exposure Study, 60% of 
farmers had detectable levels of glyphosate in 
24-hour composite urine samples taken on the 
day they had applied a glyphosate-based formu
lation Farmers who 
did not use rubber gloves had higher urinary 
conCEntrations of glyphosate than those who did 
use gloves [indicating that dermal absorption is 
a relevant routeofexposure].ln a separate study, 
detectable levels of glyphosate were found in 
urine samples from farm families and non-farm 
fam i I ies \):Z::,:::::,;""""J::'"E"::'"L'"";:;;:,,"";;;;;,;,;'"",;:.::::::,;;;;,;""./ 

In accidental and deliberate intoxication cases 
involving ingestion of glyphosate-based formu
lations, glyphosate was readily detectable in the 
blood After deliberate 
or accidental ingestion, one glyphosate-based 
formulation was found to be more lethal to 
humans than another 

\~=~~=~~~~=~~==~=~ 

[Greater lethality was attributed to the 
presenCE of trimethylsulfonium counterion, 
which might facilitate greater absorption after 
oral exposure.] 

Small amountsofglyphosatecan beabsorbed 
after dermal exposures in humans in vitro. 
For example, when an aqueous solution of 1% 
glyphosate was applied in an in-vitro human 
skin model, only 1.4% of the applied dose was 
absorbed through the skin. Glyphosate is typi
cally formulated as an isopropylamine salt, and 
is dissolved in a water-based vehicle, while the 
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stratum oorneum is a lipid-rich tissue ,~,,,,,,;,,;~;;:;;,;;,;;;;,;,,m, 
In-vitro studies using human skin 

showed that percutaneous absorption of a 
glyphosate-basecl formulation wcs no more than 
2%oftheadministered doseoveraooncentration 
range of 0.5-1541Jg/cm 2 and a topical volume 
range of 0.014-0.14 mllcm2. In addition, very 
little glyphosate (:::; 0.05% of the administered 
dose) wcs sequestered in the stratum oorneum 
after dermal application ,,,~,,,,,,,,''''"'"''"'""""'"'"";;,;;m,,,,,,,,,,,,,,,,,,,,,,~:::~;;,,,,,, 

In the human Caoo-2 cell line, an in-vitro 
model of intestinal enterocytes, glyphosate 
(> 10 mg/ml)wcs shown to significantlydisrupt 
barrier properties, leading to an increase in para
cellular permeability (transport of substanCES 
that pass through the intercellular space betwesn 
the cells) \~,,,;;,,,,;;;;;;;;;;,,;;;,,;;;;;,,,;mmm::;,,,,,,;;;,;,,;,,,;,,,,;;;;;;,,;;;,,,,;;;,,,;;,;,) 

(b) Experimental systems 

Threetudies have been oonducted to inves -
tigate the absorption of a single oral dose of 
glyphosate in rats '"'''''''""''''''''':;;,;,,,,;;;,;;,,,,,,,;,,;,,:,,,,,,,,;;;,,,,,,,,, ,;;;;,;,,;,;;;,;,,;;,,,,;;;;,;, 

In male Sprague-Dawley rats given 
(14C]-Iabelled glyphosate (10 mg/kg bw), the 
majority of the radiolabel wcs associated with 
thegcstrointestinal oontentsand small intestinal 
tissue 2 hours after administration ( ::::,:,:::c:,:,:::c,::::c,:, 

''~'m,,,,,,,,m,:::,::::,,,,~, Approxi mately35-40% of the ad min
istered dose wcs found to be absorbed from the 
gcstrointestinal tract. Urinary and fce:::al routes 
of elimination were equally important. [The 
Working Group ooncluded that glyphosate is 
inoompletely absorbed from the gcstrointestinal 
tract after oral exposure in rats.] 

In a study by the United States National 
ToxioologyProgramme (NTP) in Fisher344 rats, 
30%oftheadministered oral dose (5.6mg/kg bw) 
wcs absorbed, cs determined by urinary excre-
tion data Thisinding 
wcs in acoordance with the previously described 
study of oral exposure in rats ,,,,;,,,,,,,,;,,,,,,,,,,,,,,,,,,,,,,,,::;,,,,,,,,,,,,,,,, 
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In a study reviewed by the EPA, Sprague
Dawley rats were given an oral dose of glyphosate 
(10mg/kg bw);30%and 36%oftheadministered 
dosewcsabsorbed in males and females, respec
tively At a dose that wcs -10-fold 
higher (1000 mg/kg bw), oral absorption of 
glyphosate by the rats wcs slightly reduced. 

In a 14-dayfeeding study in Wistar rats given 
glyphosateat dietary ooncentrationsof up to 100 
ppm, only -15% of the administered dose wcs 
found to be absorbed In New 
Zealand White rabbits or lactating goats given 
glyphosate cs single oral doses (6-9 mg/kg bw), 
a large percentage of the administered dose wcs 
reoovered in the fce:::es [suggesting very poor 
gcstrointestinal absorption of glyphosate in 
theseanimal models] 

In monkeysgiven glyphosate by dermal appl i
cation, percutaneous absorption wcs estimated 
to be betwesn 1% and 2% of the administered 
dose Most of the adminis
tered dose wcs removed by surface wcshes of the 
exposed skin. 

4.1.3 Distribution 

(a) Humans 

No data in humans on the distribution of 
glyphosate in systemic tissues other than blood 
were available to the Working Group. In cases 
of accidental or deliberate intoxication involving 
ingestion of glyphosate-based formulations, 
glyphosate wcs measured in blood. Mean blood 
ooncentrations of glyphosate were 61 mg/L and 
4146 mg/L in mild-to-moderate cases of intoxi
cation and in fatal cases, respectively ,,,,,;;,,,,,,,;,;;;;;;;,;;;;,,,,,,,,,,, 

One report, using optical spectrosoopy and 
molecular modelling, indicated that glyphosate 
oould bind to human serum albumin, mainly 
by hydrogen bonding; however, the fraction of 
glyphosate that might bind to serum proteins 

in blood wcs not actually measured '"""''"'"'"''"'''''''"''"";;,;c,,,,,,,,;,,,,, 
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Fig. 4.1 Microbial metabolism of glyphosate to AMPA 
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glyphosate aminomethy lphosphonic acid (AMP A) 

Glyphosate is degraded to AMPA by microbial metabolism 
Compiled by the Working Group 

(b) Experimental systems 

In Sprague-Dawley rats given a single oral 
dose of glyphosate (100 mg/kg bw), glypho
sate concentrations in plasma rEEched pEEk 
levels, then declined slowly from day 1 to day 5 

ThEJ!>Iasma data appEEred 
to fita one-compartment model with an elim
ination rate constant of k81 = 0.021 hour-1_ [The 
Working Group estimated the elimination half
life of glyphosate to be 33 hours.] Tissue levels of 
glyphosate were not determined in this study. In 
a study by the tissue levels 
of glyphosate at 2, 6.3, 28, 96, and 168 hours in 
Sprague-Dawley rats given a single oral dose 
(10mg/kg bw)declined rapidly. Tissues with the 
grEEtest amounts of detectable radiolabel (> 1o/oaf 
the administered dose) were the small intestine, 
colon, kidney, and bone. Peak levelswererEEched 
in small intestine tissue and blood by 2 hours, 
while pEEk levels in other tissues occurred at 
6.3 hours after dosing. After? days, the total 
body burden of (14C]-Iabelled residues was -1%of 
the administered dose, and was primarily asso
ciated with the bone (-1 ppm). In every tissue 
examined afteradministration of [ 14C]-Iabelled 
glyphosate, essentially 100% of the radiolabel 
that was present in the tissue was unmetabolized 
parent glyphosate. Thus;ssentially 100% of the 
body burden was parent compound, with no 
significantpersistence of glyphosate after? days 

In a 14-day fesdi ng study 
in Wistar rats given diets containing glyphosate 
at 100 ppm,glyphosate rEEchedstEEdy-statelevels 

in the blood by day 6 Theissue 
concentrations of glyphosate had the following 
rank order: kidneys > spleen > fat > liver. 
Tissue levels declined rapidly afterc;esc:;ation of 
exposure to glyphosate. A second study in rats 
given glyphosate (10mg/kg bw per day, 14days) 
followed by a single oral dose of (14C]-glyphosate 
(at 10 mg/kg bw) showed that repEEted dosing 
did not alter the tissue distribution of glyphosate 

In rhesus monkeys, tissues harvested 7 days 
afterdermal exposures to [ 14C]-Iabelled glypho
satedid notcontain radiolabelatdetectablelevels 

4.1.4 Metabolism and modulation of 
metabolic enzymes 

(a) Metabolism 

Glyphosate is degraded in the environ
ment by soil microbES, primarily to AMPA 
and carbon dioxide 

A minor pathway for the degradation of 
glyphosate in bacteria (Psaudomonas sp. strain 

LBr) is via conversion to glycine '"-;~c;"-""-'~"----~'-'----'"-'"-'---' 
In a case of deliberate poisoning with a 

glyphosate-based formulation, small amounts 
of AMPA (15.11-Jg/ml) were detectable in the 
blood [suggesting that 
this pathway might also operate in humans]. In 
rats given a single high oral dose of glyphosate 
(100 mg/kg bw), small amounts of AMPA were 
detected in the plasma 1 n 
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male Sprague-Dawley rats given an oral da::e of 
glyphosate (10 mg/kg bw), a very small amount 
of AMPA(< 0.04%oftheadministered da::e)was 
detected in the colon 2 hours afterdosing; this 
was attributed to intestinal microbial metabo-

1 ism v''""''"".,,;::::'""":::~,:::,::::'"."'"'"··"'L,:'":.: •• :.::::::::,'":., 

(b) Modulation of metabolic enzymes 

(i) Humans 

In human hepatic cell lines, treatment with 
one of four glyphosate-based formulations 
produced by the same company was shown to 
enhance CYP3A4 and CYP1A2 levels, while 
glutathione transferase levels were reduced 
'"';;;;;,::::::::,.,:.:.:::'"'·'"·::::.:::'".,"::,;,,,.,'"''''·';;''""'"'·:'' [ThWo rki ng Group noted 
that it was not clear whether the effectswere 
cauffid by glyphosate alone or by the adjuvants 
contained in the formulation.] 

(ii) Experimental systems 

ExposureofWistar rats toaglyphosate-based 
formulation significantly altered some hepatic 
xenobiotic enzyme activities 

Liver microsomes obtained from male 
and female rats treated with the formulation 
exhibited -50% reductions in cytochrome 
P450 (CYP450) content compared with control 
(untreated) rats. However, opposing effectswere 
observed when ass:ssing 7-ethoxycoumarin 
0-desthylase activity (7-ECOD, a non-specific 
CYP450 substrate). Female rats treated with the 
glyphosate-based formulation exhibited a 57% 
increase in hepatic microsomai7-ECODactivity 
compared with controls, while male rats treated 
with the formulation exhibited a 58% decrease in 
this activity [ThEWorking 
Group noted that it was not clear whether the 
effects were cauffid by glyphosate alone or by 
adjuvants contained in the formulation.] 
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4.1.5 Excretion 

(a) Humans 

Excretion ofglyphosate in humans was docu
mented in several biomonitoring studies. For 
example, as part of the Farm Family Exposure 
Study, urinary concentrations of glyphosate were 
evaluated immediately before, during, and after 
glyphosate application in 48 farmers and their 
spouses and children ,cz:::~:&):~''':ts::u!:::L,,,s~L,.,;;;:L;,,.,'"'""'"""::::,c:;;;;::E 
Dermal contact with glyphosate during mixing, 
loading, and application was considered to be the 
main route of exposure in the study. On the day 
the herbicide was applied, 60% of the farmers 
had detectable levels of glyphosate in 24-hour 
composite urine samples, as did 4% of their 
spouses and 12% of children. For farmers, the 
geometric mean concentration was 3 !Jg/L, the 
maximum value was 2331-Jg/L, and the highest 
estimated systemic da::e was 0.004 mg/kg bw 

In a separate study, 
detectable levels of glyphosate were excreted 
in the urine of members of farm families and 
of non-farm families, with geometric means 
ranging from 1.2 to 2.7 !Jg/L ,:::::,:::::.'":,,:.: .. : .. ,:.:::'": .. :::::.:: .. ;;};;;,:::,:::'":.1 

In a study of a rural population living near 
areas sprayed for drug eradication in Colombia 
(see ~tion 1.4.1, mean urinary 
glyphosate concentrations were 7.61-Jg/L (range, 
undetectable to 130 !Jg/L) ,.::,,::::.:::::.:::,,::'" .. '"''·'""'~''"'":'"'"·'"f!::;',::::::::,:::: 
AMPA was detected in 4% of urine samples 
(arithmetic mean, 1.61-Jg/L; range, undetectable 
to 561-Jg/L). 

(b) Experimental systems 

In an NTP study in Fisher 344 rats given a 
single oral da::e of (14C]-Iabelled glyphosate (5.6 
or 56 mg/kg bw), it was shown that > 90% of 
the radiolabel was eliminated in the urine and 
faecsswithin 72hours In 
Sprague-Dawley rats given [14C]-Iabelledglypho
sate at an oral da::e of 10 or 1000 mg/kg bw, 
-60-70% of the administered da::e was excreted 
in thefaecss,and the remainder in the urine 
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UMMUUMM"CMMCUCM, By either route, most (98%)oftheadmin
istered dose was excreted as unchang3d parent 
compound.AMPAwastheonlymetabolitefound 
in the urine (0.2-0.3% of the administered dose) 
and fa:!CES (0.2-0.4% of the administered dose). 
[Thdarge amount of glyphosate excreted in the 
fa:!CES is consistent with its poor oral absorption.] 
Less than 0.3% of the administered dose was 
expired as carbon dioxide. 

In rhesus monkeys given glyphosate as 
an intravenous dose (9 or 931Jg), > 95% of the 
administered dose was excreted in the urine 
,,,::,::w:=,,,,,,,,,,,M,,,,,,,,,"'""'A,,,,,,~,,,,,,,,,, Nearly all the administered 
dosewaseliminated within 24 hours. In contrast, 
in rhesus monkeys given glyphosate by dermal 
application (5400 !Jg/20 em 2), only 2.2% of the 
administered dose was excreted in the urine 
within 7 days 

Overall, systemically absorbed glyphosate 
is not metabolized efficientlypnd is mainly 
excreted unchang3d into the urine. 

4.2 Mechanisms of carcinogenesis 

4.2.1 Genetic and related effects 

Glyphosate has besn studied for genotoxic 
potential in a wide variety of rosays. Studies 
carried out in exposed humans, in human cells 
in vitro, in other mammals in vivo and in vitro, 
and in non-mammalian systems in vivo and in 
vitro, respectively, are summarized in ,,:,::::::::::;;::,,,,,,,,,,,m, 

CM,UU;;:;;:;;;,;,;~;UMU'CMCe:c!:::::' CM;U;;;;s;;;;:;;;,;WMM:U:~;U' ,;,;;;;:;;;;,;::;;,,;UU'U;;,,,;,' and ,;;z;;:;;;;,;;MMU,,;;,;;:;:;:C O 

[A review article by ''"''"'";;:;,;,,,w,,;;;,,;,,,,,,,,,;;,;,;",;,;;,;,;;;;,,,,,,,,,,,,,.,,,,,,,,,,;;,,f 

summarized the results of published articles 
and unpublished reports of studies pertaining 
to the genotoxicity of glyphosate and glypho
sate formulations. A supplement to this report 
contained information on 66 unpublished regu
latory studies. Tharonclusions and data tables 
for each individual study were included in the 
supplement; however, the primary study reports 
from which these data were extracted were not 
available to the Working Group. Thmformation 

Glyphosate 

provided in the supplement was insufficient 
regarding topics such as details of statistical 
methods, choice of the highest dose tested, and 
verification of the target tissue exposure. The 
Working Group determined that the informa-
tion in the supplement to ,,,;:,::::,'w,,:;;;;;,,,,,,,,,:,:":,:::::LL:::;,,,,,,,,,,,,;,,;,,::,:,:~ 
did not mest the criteria for data inclusion as laid 
out in the Preamble to the /ARC Mona;;}raphs, 
being neither "reports that have besn published 
or accepted for publication in the openly avail
ablescientifiditerature" nor "data from govern-
mental reportsthatarepubliclyavailable" ,,;,;,"'''""""'''""' 

ThEreview article and supplement were 
not considered further in the evaluation.] 

(a) Humans 

(i) Studies in expored humans 

S3e ,,;,;;;;:,;;,,;,;;;,,,,,;,;";;" 
In exposed individuals (n = 24) living in 

northern Ecuador in areas sprayed with aglypho
sate-based formulation, a statistically significant 
increase in DNA damage (DNA strand breaks) 
was observed in blood cells collected 2 wesks to 
2 monthsaftersprayi ng ( '""':c:::;.J,,"',::,;,;,,,,,,,,,,;,,,,:;,,,,,,;;;;;,;,;,,;,;;;,:;;,;;;,;,J. 

Theameauthorsstudied blood cells from indi -
viduals (n = 92) in 10 communities in Ecuador's 
northern border, who were sampled 2 years after 
the last aerial spraying with a herbicide mix 
containing glyphosate, and showed that their 
karyotypes were normal compared with those of 
a control group u::ss3,:~:)L::J::Ltl.LJS,l J;zLr2L,,JL~,:,,,L,,.LJ 

,,;;,;;;,,,,,,,,;;,;.;;;;;~;,;,,,,,;;;;;,""';;,,,,,,,,,,,,,:,,,,,,,;;,,,,,,,, studied community 
residents (137 women of reproductive age and 
their 137spouses) from fivffegions in Colombia 
In thres regions with exposures to glypho
sate-based formulations from aerial spraying, 
blood samples were taken from the same indi
viduals at thres time-points (before spraying 
(ba:eline), 5 days afterspraying and 4 months 
afterspraying) to determine the frequency of 
micronucleus formation in lymphocytes. The 
ba:eline frequency of binucleated cells with 
micronuclei was significantly higher in subjects 
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from the three regions where there had been 
cerial spraying with glyphosate-formulations 
and in a fourth region with pesticide exposure 
(but not through cerial spraying), compared 
with a referencs region (without use of pesti
cide). Thdirequency of micronucleus formation 
in peripheral blood lymphocytes we£ signifi
cantly incree:sd, compared with baseline levels 
in the same individuals, after cerial spraying 
with glyphosate-basecl formulations in each of 
the three regions ( g:s ,::;;;;;:;;;,;;;;;;",;",;,,,;,,,, ;;;;;:,;;,;;,;",;;::;,;;LL",;,;;;,:;;;,;.,,,;;;;,;;,,.;;;;;,;,; 

Immediately afterspraying, subjects who 
reporteddirectcontactwith theglyphosate-basecl 
spray showed a higher frequency of binucleated 
cslls with micronuclei. However, the increase in 
frequency of micronucleus formation observed 
immediately afterspraying We£ not consistent 
with the rates of application used in the regions, 
and there we£ no association between self-re
ported direct contact with pesticide sprays and 
frequency of binucleated cslls with micronuclei. 
In subjects from one but not other regions, the 
frequency of binucleated cslls with micronu
clei we£ significantlydecree:sd 4 months after 
spraying, compared with immediately after 
spraying. 

(ii) Human cslls in vitro 

S3e mm:m;;;;;,;;;,;,;;;,,,;,,;,Z};; 

Glyphosate induCEd DNA strand breaks (ffi 
mee£ured bythecometassay) in liver Hep-2cslls 

lymphocytes ,.,,:,:,::::::;;,,;;,;:",:.:,:,:::: 

fibroble£ts, the HT1080 fibrosarcomacsll line 
and the TR146 buccal 

carcinoma line DNA strand 
breaks were induCEd by AMPA in Hep-2 cslls 
\.:,;;,,;,,;;;:;,;m,;.;;;,;;;,,;;;;,: •• ";;;;,;,,;,;,m,;;;,;;,;;,;;;;;;;,J and by a glyphosate-based 
formulation in the TR146 buccal carcinoma csll 
I i ne \],.::::::,::,::::,:,.m,,,,,,,.,.:::::.:,,,.,"'''"'"··';''' 

In human lymphocytes, AMPA ,,,,,,,,,,,,,,,,,,,,, .. :;;:;;.,;:;;,.;.:c 

mmmmmmmmmmmmmm, but not glyphosate \2.:z,;,;;;;;;,I;;;;;;;m;;;;,;;,m;;::.:,:.;m,;;;,;;;;,;;,;;;,,;;;;j 

produCEd chromosomal aberrations. Glyphosate 
did not indues a concsntration-related increase 
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in micronucleus formation in human lympho
cytes at levelsesti mated to correspond to occupa
tional and residential exposure ,,,,;.;,,;;;;;;;;z;,,,,,,,,;,.:;,,.:c::.;;.,,;;;;,;.; 

:::::,:;m,;:: •• ,,,,,,, Sister-chromatid exchange We£ induCEd 
by glyphosate and by 
a glyphosate-basecl formulation 

lymphocytes exposed in vitro. 

(b) Experimental systems 

(i) Non-human mammals in vivo 

S3e "'"";;;;;;;:,;;;;,m,;.,;,;;; 

Theability of glyphosate or a glypho -
sate-based formulation to indues DNA adducts 
We£ studied in mire given a single intraperito
neal dose. Glyphosate induCEd DNA adducts 
(8-hydroxydeoxyguanosine) in the liver, but not 
in the kidney, whileaglyphosate-based formula
tion caused a slight increase in DNA adducts in 
the kidney, but not in the liver ,,,;;;;,;;;,;.;;;,;"''··'"''''::,;;,.,,,,,,,.,.,,,,,,,./ 

;,m;;;;,,;;;;::;;;;;,,;;::;,;;,m;;;;,;,;,mml,,;;;;,;;,;;;;,t, showed that a g lypho-
sate-basecl formulation (glyphosate, 30.4%), but 
not glyphosate alone, caused DNA adducts (ffi 
detected by 32P-DNA post-labelling) in mouse 
liver and kidney. Glyphosate and a glypho
sate-basecl formulation produCEd DNA strand 
breaks in the liver and kidney afterasingle intra-
per it Oneal dose \ ;;;,;;,;,;;;;;;;:;.2,,;;::;:;;;;,;,";,;: .. ,:::2.: •. ;;,,.;,:::::.,;;;;,;,, 1 

In mire given a single dose of glyphosate by 
gavage, no genotoxic effectwe£ observed by the 
dominant lethal test 

After a single intraperitoneal dose, no 
chromosomal aberrations were observed in the 
bone marrow of rats treated with glyphosate 

while chromosomal aberrations 
were i ncree:sd in the bone marrow of m ics given 
a glyphosate-based formulation (glyphosate 
isopropylam i ne salt, -41%) \;,,"'),;;;;;;;;;;,;;;;;;;;,,~£};"'w/0};;,.c,;"""'~;,};S,:;S,;:;;;j 
A single oral dose of a glyphosate-based formu
lation did not cause chromosomal aberrations in 
mics,~~~~~~~~~~~~=~~~:r 

In mire treated by intraperitoneal injec
tion, a single dose of glyphosate did not cause 
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Table4.1 Genetic and related effects:>f glyphosate in exposed humans 

TisaJe 

Blood 

Cell type 
(if~fied) 

NR 

a +' poSitive;-, negative 
NR, not reporta::t; vs, verSJs 

End-point Tat 

DNA damage DNA S:rand 
breaks, comEt 
assay 

Des::ri ption of expoa~re and controls 

24ecposa:l individuals in northern 
Ecuador; arEas spraya:l with glyphosate
basa:l formulation (sampling2we:Jksto 
2 months after spraying); control group 
was21 non-ecposa:l individuals 

55 community rESidents, Nariiio, 
Colombia; arEa with aerial glyphosate
basa:l formulation spraying for coca and 
poppy eradication (glyphosate was tank
mixa::l with an adjuvant) 

27 community rESidents, Valle del Cauca, 
Colombia; arES where glyphosate-basa:l 
formulation wasapplia::l through aerial 
spraying for sugar-cane maturation 
(glyphosate was applia:l without 
adjuvant) 

Response•/ Comments 
Significance 

+ P< 0.001 

Pvaluestor after 
spraying vs before 
spraying in the same 
individuals 

Pval ues for after 
spraying vs before 
spraying in the same 
individuals 

Reference 

G) 
-< 
"0 
::J 

~ ...... 
CD 
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micronucleus formation in the bone marrow 
although two daily doses 

did \j;;~"';;;;SJ,;:::;;;;;"'"'';;;;;;;";~c::::c:::::::::!;;;""'"'"""/mmmm/cccc;;;";:::;""'mc) 

AMPA, the main metabolite of glyphosate, also 
produced micronucleus formation after two 
daily i nt raper ito neal doses \/""";;";;:::;y"""""'';;~;";;;"::"::::::::""'""'m:;;;;"';;;";::::::::'':::: 1 

Conflictingresults for micronucleus induction 
wereobtained in micsexp003CI intraperitoneally 
to a glyphosate-basecl formulation. A single dose 
of the formulation at up to 200 mg/kg bw did 
not indues micronucleus formation in the bone 
marrowinonestudy itdid 
increa:e micronucleusformationat25 mg/kg bw 
in another study Aftertwo 
daily intraperitoneal doses, a glyphosate-basecl 
formulation did not indues micronucleus forma-

tion at up to 200 mg/kg bw according to"'~''""':::::::;;"'""'"::: 
J,;::";;,;;;;;;;,L,l while showed that 
the formulation did indues micronucleus forma
tion at 450 mg/kg bw. In mire given a single 
oral dose of a glyphosate-basecl formulation at 
1080 mg/kg bw, no induction of micronuclei wcs 

ol:a:lrved \ ":::::::;:""'""""'"""'"""''"'""""'''""::::::cc::"::""m;;;;""'""";"""''""''''"'''""''"""'" 1 

(ii) Non-human mammalian cslls in vitro 

S:s ::::::::::J:c:/c!/;;;mmc/m:::c: 

Glyphosatedid not indues unscheduled DNA 
synthesis in rat primary hepatocytes, or Hprt 
mutation (with or without metabolic activation) 

in Chinese hamster ovary cslls ''"""'"""""""''m"::'"""'"'""'""""'"";;;:::cmm'"""'::,:::c::::, 

In bovine lymphocytes, chromosomal aber-
rations were induced byglyphosate in one study 
""'"'"""'"'""""""'::"::m::::::";;"""""""':::::c;::;,;;"' but not by a glyphosate formu
lat ion in another study \!:::;,;;""'""'""::::::::cc:::::c::c!:::t::"""""""'"'""';;;";;;m;;;;,;"""'"''"""''";tu:e 

L":7~::::"?:i!"J:S:!L"L"""~"L5:!!": ... ,L::t:::L.!::J:L demonstrated, in the 
CHO-K1 ovary csllline, that glyphosate induced 
micronucleus formation only in the presencs 
of metabolic activation, while AMPA induced 
micronucleus formation both with and without 
metabolic activation. Sister-chromatid exchange 
wcs ol:a:lrved in bovine lymphocytes exp003CI 
to glyphosate or a glyphosate 
formulation (in theabsencs but not the presencs 
of metabolic activation) \:C::!i"'"';;::;.":,".;";;;:;".";;.;;;:: •• "::;;;;;"m·"';;;"'"z.;;;;;;"::;.;;:.".;.";::;;.;;.;:::c: 
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(iii) Non-mammalian systems in vivo 

S:s ::!::/:/f;::/cLc/:!:::c:!c:/c:!;;: 

Fish and other species 
In fish, glyphosate produced DNA strand 

breaks in the comet cs.c::ay in sabalo \:!:.::::::::::: .. ::.::::•c;;:; 

European eel 
zebrafish ( .::cc:::::;;·.:.;;;;;;. .. ,::;g;,;::."'::.:.:.: ... :;::m:::::::m:::!::::!::/ 

t i I apia \;::;;.;",;.";;.;";,;;.s~~;:"""}:f."L"S;:;;"J'/;:;;"."'m;;;;;""""·"';;,:;"]""'"'''""·"·"·'''·''·::!w"3"" I 
induced DNA strand breaks in the comet cs.c::ay 
in European eel A 
glyphosate-basecl formulation produced DNA 
strand breaks in numerous fish species, such 
cs European eel \:!::;;!;,;;;;;c.:w.:.;;;"L"!,.:.;;.:;;;"··''"'"""'"''L":""'"''""'''';::S:~:.' S:z:%w2S:;;S;;;,, 

AMPA, the main metabolite of glyphosate, 
induced erythrocytic nuclear abnormalities 
(kidney-shaped and lobed nuclei, binucleate or 
segmented nuclei and micronuclei) in European 
eel Micronucleus 
formation wcs induced by different glypho -

sate-based formulations in various fish(·"'~""··'··'"·''::::,.:;;;;"' 

Glyphosate-basecl formulations inducsd 
DNA strand breaks in other species, including 

frog ucu~:::!f:t::::l::c::::::!.lC::d. 

;;;;";"'"'"';,;;;:.:::;.::!::::!::""'"S."f::: I clam \";,;;;;;;;;";;;;";;;:;J".:.::.::;:;;;;;;:m:::::;;;;,",L! ... c.;;;;;.o,,";";";":";;:::::: •. "";;;;;;;;;;"::::w.SI 

and mussel g loch id ia ,.:::m;;.;;;,:w.:c:cw:::;; .• c::::cm:;;:c:c.cc::::;.;;".;;;;;;;;:;.:":::::::;;:;;;;;.";;; •• :::c) 

earthworms, one glyphosate-basecl formulation 
induced DNA strand breaks while two others 
did not \S:::::.L.::::.";;.;;;"."·"''::C::.L:: •.•.• ":"LL.:".::::.::!:::::!~"m;";;;;. 7 /c.!::L2::!f!:L:""!.:;;~.;;:!:.3:::LI:::::."."'"""··"!::!}:"m::2:2}:::.:: 

highlighting the potential importancs of 
components other than the active ingredient in 
the formulation. 
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Table4.2 Genetic and related effects:>f glyphosate, AMPA, and glyphosate-based formulations in human cells in vitro 

TisaJe, <Ell line End-point 

GJyphosate 

Ta:t ReaJitsa DOS9 

Without With 
metabolic metabolic 
activation activation 

DNA strand brEBks, + 
standard and 
hOGG1 modifia:J 
comEt 2fi3fX1j 

(LED or HI D) 
Comments 

With the hOGG1 
modi fi a:J comEt 2fi3fX!j, 
+ 83, theincreasewas 
Significant ( P< 0.01) 
only at thehighe:t 
dosa te:te:l (580Wml) 

Reference 

G) 
-< 
"0 
::J 
0 
~ ...... 
CD 
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Table4.2 (continued) 

Tisa.~e, cell line End-point Tat Resultsa Dose 

Without With 
(LED or HID) 

metabolic metabolic 
activation activation 

Lymphocytes + NT 10001Jg/ml 

a +, pm:Hive; -,negative;(+) or(-) po~tivEl'negativein aS:udy with limited quality 

Comments 

P<0.05 

P< 0.05at 4.5mM; 
P< 0.01 at up to 
7.5mM 
Dose-response 
relationship (r "= 0.90; 
P< 

Glyphosate acid, 
450g!L 
Dose-dependent 
increase 

Referenoo 

AMPA, aminomEthyl phosphonicacid; HID, higheS: inet'fEd:ivedog;r, hOGG1, human 8-hydroxyguano~neDNA-glycoS{Iaffi; LED, loweS: etfEd:ivedog;r, NR, not reported; NT, not 
teS:ed; al, ~ x gSJpernctant; SCGE, Single cell gel eiEd:rophor~s; vs, verSJs 

~ 
s;: 
0 

i 
05 
I 

....... 

....... 
N 



Micronucleus formation wcs induced by 
a glyphosate-based formulation (glyphosate, 

36%) in earthworms ,,,,;;,,,,,,;,,,,,,,,:;;h,,,,,,,,;,,;;;;;,,,,,,~"'''''""''''''''"""'''''''''''''' 1 

and by a differentglyphosate-based formulation 
and frog 

lnrects 

Glyphosate 

a glyphosate-based formulation wcs mutagenic 
inS. typhimurium TA98 in the absence of meta
bolicactivation,and inS. typhimuriumTA100 in 
the presence of metabolic activation. 

4.2.2 Feceptor-mediated mechanisms 

(a) Sex-hormone pathway disruption 
In standard Dranphi Ia melana;}aster, glypho- (i) Humans 

sate induced mutation in the test for somatic 
mutation and recombination, but not in a cross 
of fliescharacterized by an increased capacity 
for CYP450-dependent bioactivation 

A glyphosate-based formulation 
also caused sex-linked recessive lethal mutations 
in Droroph i Ia ''""'';,,,,,,,,,,,,,;,,;,"",,,,,:;,,;,,;,,,,;;,,;;;;,;;;;,,;;,,) 

Plants 
In plants, glyphosate produced DNA damage 

in Trcx:i:fmntia in the comet essay 
'"";,,,,;;;,,Je,;,:;;;;;,,,c;;,;;;,,;;;;,,,,,,"",,",,,,,,,,,,) Chromosomal aberration wcs 
induced afteexposu re toglyphosate in fenugresk 
''"''''"''"'';,,,,,,,::;;,,,,,,,;;,,,;;;;,;,,;,,",,,,,;;;;) and in onion in one study 

but not in another 
A glyphosate-based formulation 

also induced chromosomal aberration in barley 
roots and onion \f,,;;,;;;;;,:;,,,,,,,,,,,,,,""'';''''''; 

but not in Crepis capillaris (hawksbeard) 
Micronucleus formation 

wcs not induced by glyphosate in Vicia faba bean 

"""'"'''''''''''';''''';,;;,,,,;;;,,,,,,,;;,,,,,,,,,,,,,,,,,,,,, or by a glyphosate-based 
formulation in Crepis capillaris ,,,,;;;,,;,;,;,,,,,,;,;,,;;;;,,;;,,,,,,;;,;;;,,,,,,,,,,,, 

(iv) Non-mammalian systems in vitro 

S:s "";,;;;;;;;;;;,;;;::;"""";,;,;;;;; 
Glyphosate induced DNA strand breaks in 

erythrocytes of tilapia fish,cs demonstrated by 
comet essay \C,,,,,,,,,,:;,;;,;;,:::zc:,,,,;,::,;,:::;,,;,::::,,,;;;,,,,,,;;,;,,,;,"''''"'""''''''' 

Glyphosate did not induce mutation in 
Bacillus subtillis, Salmonella typhimurium 
strains TA 1535, TA 1537, TA 1538, TA98, and 
TA 100, or in &merichia ooli WP2, with or 
without metabolic activation ,,,;;;,;,,,,,,,,,,;;;;;;,;;;;,;,,;,;;;;;m:,,,,,,;;"'"''''. 

HO\J\e\lel'", demonstrated that 

Studies in expored humans 
NodatawereavailabletotheWorkingGroup. 

Human cells in vitro 
In hormone-dependent T 47D breast cancer 

cells, the proliferative effects of glyphosate 
(10-6 to 11JM) (ses S:!ction 4.2.4) and those of 
1713-estradiol (the positive control) were miti
gated by the estrogen receptor antagonist, ICI 
182780; the proliferative effect of glyphosate 
wcs completely abrogated by the antagonist at a 
concentration of 1 0 n M ,,,,,,,,;,;,;,;,:::;;;;J;;;::,:,:;;;;,;,,,,,,,,,::::::,;"""'"';,,;;::,:,,,:;;;;,,,, 

Glyphosate also induced activation of the 
estrogen response element (ERE) in T47D breast 
cancer cells that were stably transfected with a 
triplet ERE-promoter-luciferase reporter gene 
construct. Incubation with ICI182780at 10 nM 
eliminated the response. When the transfected 
cells were incubated with both 1713-estradiol 
and glyphosate, the effectof 1713-estradiol wcs 
reduced and glyphosate behaved cs an estrogen 
antagonist. After6 hours of incubation, glypho -
sate increased levelsofestrogen receptorsERaand 
ER13 in a dose-dependent manner in T47D cells; 
after24 hours, only ER13 levels were increased 
and only at the highest doseofglyphosate. [These 
findings:;uggested that the proliferativeeffectSJf 
glyphosateon T47D cells are mediated by ER.] 

In human hepatocarcinoma HepG2 cells, 
four glyphosate-based formulations produced 
by the same company had a marked effecton 
the activity and transcription of aromatase, 
while glyphosate alone differed from controls, 

but not significantly so ( ,;,;;;:::::::~"'"",:::::::"""''":':":"'"''"::::"'";""""':::"":::,,:::":::) 
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Table 4.3 Genetic and related effectS>f glyphosate, AM PA, and glyphosate-based formulations in non-human mammals in vivo 

Species, strain T isaJe End-point 
(53C.) 

CD1 marrow 
(M) (PCE) 

Tat Results Dose(LED or 
HID) 

Route, duration, 
dOSing regimen 

i.p.; 2 x 150 mg/ 
kg bwwith 24 h 
interval; sampled 
6 or 24 h after the 
last inje.::tion 

Comments Reference 

~ 
s;: 
0 

i 
05 
I 

->. 
->. 
N 



Table4.3 (continued) 

Species, strain Tissue End-point 
(53C.) 

m 
"'U 
1-
I 
0 

I 
N 
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0) 
I 

0 ...... 
0 
~ 
w ...... 
I 
0 
0 0'1 
0 c..v 
0 ...... 
...... 
OJ 
0 

Ta:t Results Dose(LED or 
HID) 

Route, duration, 
dOSing regimen 

Comments 

Glyphosate, 30.4% 
~ngledosetESte::l only 
P<0.05 

Glyphosate 
ifOpropylammonium salt, 
30.4% 

Giyphosate, 30.4% 
~ngledosetESte:l only 
P< 0.05 onlv after 4 h 

Reference 

G) 
-< 
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::J 

~ ...... 
CD 



m 
"'U 
:r-
I 
0 

I 
N 
0 ...... 
0) 
I 

0 ...... 
0 
~ 
w ...... 
10 
0 
0 
0 

OJ 

~ 
Table4.3 (continued) 

Species, strain Tissue 
(53C.) 

Mouse, &Niss Bone 
albino marrow 
(M) 

marrow 
(PCE) 

marrow 
(PCE) 

End-point 

Chromooomal 
damage 

Ta:t 

Chromooomal 
aba-rations 

Re!lllts DOS9 (LED or 
HID) 

+ 25mglkgbw 

a +,poSitive;-, n~ive; (+)or(-) poSitivEl'n~ivein a~udy with limitEd quality 

Route, duration, 
dOSing regimen 

i.p.; 1 x; sampla::l 
ana- 24, 48 and 
72h 

i.p.; 2 x within 
24 h inta-val and 
sampla::l24 h ana
the las: inia::tion 

i.p.; 2 x 225 mg!kg 
with 24 h inta-val; 
sample:l6 or 24 
h ana- the laS: 

Comments Reference 

Giyphosate 
ioopropylaminesalt, > 41% 
Thf:la-centage of aba-rant 
cells was increased vs 
control in a dose- and 
time-dependent manna-

< 0.05) 

Glyphosate 
ioopropylammonium salt, 
480g!L 

Glyphosate, 30.4% 
qngledosetE'SI:a::l only 
P< 0.05 ana- 6 hand 24 h 

bw, body weight; F, fEmae; h, hour; HID, high~ etfoctivedoffi; i.p., intraperitonEa; LC, liquid chromatography; LED, low~ etfoctivedoffi; M, mae; PCE, polychromatic erythrocytes; 
p.o., oral; 8-0HdG, 8-hydroxydooxyguanoSine; UV, ultratioiEt 
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Table4.4 Genetic and related effectS>f glyphosate, AM PA, and glyphosate-based formulationsin non-human mammalian 
cells in vitro 

Species 

G/yphosate 

Tissue, cell 
line 

ovary cell I i ne 

End-point 

a +,poSitive;-, negative;(+), WeeKly poSitive 

Tat 

chromatid 
acchange 

Result sa Dose 
-------- (LEC or HI C) 
Without With 
metabolic metabolic 
activation activation 

Comments 

?'5, 0.001, in the dark +Sl 
Negative-S) in the dark or 
with liqht irradiation 

Glyphosate, 62% 
Time of acposure, 24 h 
P< 0.01, -Sl, at;;:: 56 ~M 

Reference 

AM PA, ami nom Ethyl pho!:phonic acid; HI C, highES: i neffEd:ive concentrction; Hprt, hypoxEnthi ne guanine pho!:phori bosyl tranSfer ere gene; LEC, lowes: effECtive concentration; NT, 
not tES:Ed 
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Table4.5 Genetic and related effects:>f glyphosate, AMPA, and glyphosate-based formulations in non-mammalian systems 
in vivo 

Phylogenetic Species, strain, tisaJe End-point 
dass 

AngJil/a angJil/a L. 
(European EEi), blood 
cells 

Orexhromis 
nilotict.JS(Nile 
tilapia) branchial 
erythrocytes 

cross 

Ta:t Resultsa Dose 
(LED or HID) 

Comments 

Timeofecposure1 and 
3days 
P< 0.05 

Time of ecposure, 10 days 
P< 0.001 with 
conGerltrations;::: 71JM 

R.Jrity, ffiO/o 
I ncrease::l fre:Jua-Jcy of 
Email Singlespots(;::: 1 mM) 
and total spots (;::: 2 mM) 
P= 0.05 

Reference 
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Table4.5 (continued) 

Phylogenetic 
dass 

Plant systans 

Species, strain, tisaJe End-point 

Trade:T:E~ntia clone DNA damage 
4430 (spiderworts), 
stamina! hair nucla 

Tat ReaJitsa 

DNAstrand + 
br63ks, comEt 
aw:ry 

Dose 
(LED or HID) 

0.0007mM 
[0.12 !Jg/ml] 

Comments Reference 

Gl yphosate isopropyl amine 
salt 
P< 0.01 for dir~ly 
ecposa:l nucla ( dosa
dependent incrEEse) and 
plants 

Timeofe<:posure, 1 and 
3days 
P< 0.05 aft~ 1 day of 
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Table4.5 (continued) 

Phylogenetic 
dass 

Fish 

Species, strain, tissue End-point 

Anguilla ang.Jil/a L. DNA damage 
(European rei), blood 
cells 

Prochilodustineatus 
(s8balo), a-ythrocytes 
and gill cells 

Channa punctatus 
(bloch), blood and gill 
cells 

Ts:t Resultsa 

DNA Etrand + 
bra:Jks, 
comet af'mj 
improvEd with 
theDNA
IEEion-spa::ific 
FPGand Endo 
Ill 

Dose 
(LED or HID) 

0.116 mg'L 

Comments Reference 

E\ngledosetest:Ed only 
Timeofecposure, 3days; 
ra::ova-y from non-spa::ific 
DNA damage, but not 
oxidative DNA damage, 14 
daysatta- ecposure 
P< 0.05 

Glyphosate-basEd 
formulation, 480 gtl 
Time of ecposure, 6, 24and 
96h 
P< 0.001 atta- 24 and 96 h 
in a-ythrocytesand 24 h in 
gill cells 

Exposure continua:! for 35 
days; blood and gill cells 
colla:;tEd on day 1, 7, 14, 21, 
28and 35 
P< 0.01, for blood and 
gill cells; DNA damage 
increasEd with time and 
concentration 
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Table4.5 (continued) 

Phylogenetic Species, strain, tisaJe End-point Tat 
dass 
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ReaJitsa Dose 
(LED or HID) 

Comments 

Glyphosate, e::Juivalent to 
360gll 
SngledosetESteJ only, for 
16days 
P<0.01 

SngledosetESI:eJ only, for 
6, 24, and 96 h 
Nuclear abnormalities 
(lobeJ nuclei, se;Jmente:J 
nuclei and kidnet-shapeJ 
nuclei) 

Reference 
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Table4.5 (continued) 

Phylogenetic 
dass 

Fish 

Species, strain, tissue 

Til apia rendal/i 
(re:lbra:tst tilapia) 
blood erythrocytes 

Poocilia rfiicu/ata 
(guppy) gill 
erythrocytes 

Cnf£/:er<Xlon 
dro5mmaw/atus 
(J:nyn~ 1842) 
peripheral blood 
erythrocytes 

End-point 

Chromoromal 
damage 

Ts:t 

Micronuc:le..Js 
formation 

Result sa 

+ 

Dose 
(LED or HID) 

42mglkgbw 

Comments 

GlyphoEate, 480 giL 
I ncrEEse:l fra::juency of 
micronucleus formation 
vscontrol ( P< 0.05) in 
blood samples colle:te:l 4 
days after a single intra
abdominal inje:tion of42, 
85, or 170 mgl kg bw 

GlyphoEate, 64.8%, m/V 
(648g1L) 
Micronucleus formation, 
P< 0.01 
Other nuclmr 
abnormalities, P< 0.05 
at 1.41 to 5.651.JUL; 
con t::erltrati on-d~ElrldElrlt 

GlyphoEate, 48% 
Timeofecposure, 48and 
96h 
P< 0.01, with 22.9and 
45.9 mg/L, and P< 0.05 at 
68.8 mg/L, for 96 h 

Reference 
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Table4.5 (continued) 

Phylogenetic Species, strain, tisaJe End-point 
dass 

Anguilla angJil/a 
L. (European~), 
peripheral mature 
erythrocytes 

Caiman tatirostris 
( broad-snoutej 
caiman), erythrocytes 

Tat REa~ It sa Dose 
(LED or HID) 

Comments 

Time of ecposure, 1 and 
3days 
Chromosomal brEekage 
and/or chromosomal 
sqJregational abnormalities 
aFter 3 days of ecposure, 
P< 0.05 

Glyphosate, 66.2% 
!::lngledosetested only; in
avo ecposure 
First spraying ecposure 
at the beginning of 
incubation period, aSEmnd 
ecposureon day 35, then 
incubation until hatching 

Reference 
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Table4.5 (continued) 

Phylogenetic 
dass 

Caiman 

Species, strain, tissue 

Caiman Jatiraftris 
(broad-snoute::J 
caiman), erythrocytes 

EJeutherodactyJus 
jofmotonet (Antilles 
coqui), erythrocytes 

End-point 

Chromooomal 
damage 

Ts:t 

Micronuclrus 
fomation 

Result sa 

+ 

Dose 
(LED or HID) 

19.8gtl 

Comments 

Glyphosate, 66.2% 
Onedoseteste::l; in-ovo 
e<:poSJre 
First spraying e<:poSJre 
at theb~inning of 
incubation period, asa::ond 
e<:poSJreon day 35, tha1 
incubation until hatching. 
Micronuclrus formation, 
P<0.001 
Damageinde<:, P< 0.001 

Glyphosate-base::J 
formulation, 480g/L 
ExpoSJre to an homogenate 
mist in a300cm 2 glass 
terrarium 
Time of e<:poSJre: 0.5, 1, 2, 
4, 8and24h 
P< 0.05 

Glyphosate, 48% 
~ngledoseteste::J only, 
for 24 h. Theperoentageof 
damage::l DNA was21%vs 
4%(control) 
No statistical 

Reference 

~ 
s;: 
0 

i 
05 
I ...... ...... 

N 



m 
"'U 
1-
I 
0 

I 
N 
0 ...... 
0) 
I 

0 ...... 
0 
~ 
w ...... 
I 
0 
0 0> 
0 w 
0 ...... 
...... 
(!) 
0 

Table4.5 (continued) 

Phylogenetic Species, strain, tisaJe End-point 
dass 

Clam Corbicula fluminea 
(Mcn dam) 
haemocytES 

Earthworm, 
Phertti ma peg;ana, 
co€1 omocytES 

DNA damage 

Tat 

DNA strand 
breaks, comEt 
8f£8'j 

brooks, comEt 
8f!fXl'j 

ReaJitsa Dose 
(LED or HID) 

10 mg/L 

Comments 

Time of ecposure, 96 h 
~gnificantincr6388 when 
atrazine(2 or 10 mg/L) 
wasadde:l to glyphosate 
(P<0.05) 
No i ncreare afterecposure 
to atrazine or glyphosate 

Monoammonium salt, 
85.4o/o, ae. 
Epidermic ecposure during 
72 h (on fi Iter paper) 

Activeingre:lient, 36% 
(w/v) 
Epidermic ecposure48 h on 
filter paper; LCw, 251.50 IJg/ 
cm2 

Reference 
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Table4.5 (continued) 

Phylogenetic 
dass 

I nse::t 

Species, strain, tissue End-point 

Drosophila Mutation 
mt~anogaster 

Ts:t 

~-linka::l 
ra::essive 
lEthal 
mutations 

a +, po~:Hive; -,negative;(+) or(-) po~tivEl'nEgctivein aS:udy with limitEd quality 

Result sa Dose 
(LED or HID) 

+ 1 ppm 

Comments 

qngledosetesta::l only 
P<0.001 

Reference 

a e., a::id Equivalent; AM PA, aminomethyl pho!:phonicacid; bw, body weight; ENA, erythrocytic nuclear abnormalities; Endo Ill, endonuciEXIffi Ill; FPG, formamidopyrimidine 
glycoS{Icre; h, hour; HID, higheS: inetfoctivedoffi; LC 50 , mEdian letha doffi, LED, loweS: etfoctivedoffi; NOEC, no-obs:lrvEd etfoct concentration; p.o., oral; 81!1ART, s::>matic mutation 
and rEmmbination teS: 
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Table4.6 Genetic and related effectS>f glyphosate and glyphosate-based formulationson non-mammalian systems in vitro 

Phylogenetic 
dass 

GJyphosate 

Test ¥~tern 
(species; strain) 

S3Jmone//a 
typhimurium 
TA1535, TA1537, 
TA1538, TA98 
and TA100 

End-point Ta:t 

mutation 

REllllltsa Concentration 

Without With 
metabolic metabolic 
activation activation 

(LECorHIC) 

10 l-IM 
[1.71Jgfml] (in 
combination with 
UVB) 

10 l-IM 
[1.71Jg/ml] (in 
combination with 
UVB) 

Comments 

Co-ecpoSJre to 
glyphosate (not test:EXJ 
alone; Single dosatest:EXJ 
only) enhanca::l UVB
induca::l increases 

Co-ecpoSJre to 
glyphosate (not test:EXJ 
alone; Single dosatestoo 
only) enhanca::l UVB
induca::l incra:Jses 

Reference 
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Table4.6 (continued) 

Phylogenetic 
dass 

A~lular 
systems 

Test ¥~tern 
(species; strain) 

Prophage 
superh~ical PM2 
DNA 

End-point 

DNA damage 

Ta:t 

DNA strand 
breaks 

Re!llltsa 

Without 
metabolic 
activation 

(-) 

a +,poSitive;-, n~ive; (+)or(-) poSitivEl'n~ivein aS:udywith limitEd quality 

With 
metabolic 
activation 

NT 

Concentration 
(LECorHIC) 

75mM 
[12.7 mg/ml] (in 
combination with 
HP2 (1001JM) 

Comments 

Glyphosate inhibitEd 
HP2-induce:l damage 
ofPM2DNAat 
concentrations where 
synergism was observEd 
in ~lular DNA damage 

Giyphosate 
isopropylammonium 
salt, 480 g/L 

Reference 

FADU, fluoromEtricanalySisof DNA unwinding; HIC, higheS: inetfoctiveconcentrction; LEC, loweS: etfoctiveconcentration; NR, not reportEd; NT, not teS:a:J; UVB, ultrcwioiEt B 
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Additionally, although all four glyphosate-ba93d 
formulationsdramatically reducedthetranscrip
tion of ERa and ERJ3 in ERE-transfected HepG2 
CElls, glyphosate alone had no significanteffect. 
Glyphosate and all four formulations reduced 
androgen-recsptor transcription in the breast 
canCEr CEll line MDA-MB453-kb2, which has a 
high level of androgen recsptor, with the formu
lations showing greater activity than glyphosate 
alone. 

In a human placsntal CEll line derived from 
choriocarcinoma (.EG3 CElls), 18 hours of 
exposure to a glyphosate-ba93d formulation 
(IC50 = 0.04%) decreased aromatase activity 

Glyphosate alone was 
without effect. ThoonCEntrations used did not 
affect CEll viability. 

Glyphosate, at non-overtly toxic conCEn
trations, decreased aromatase activity in fresh 
human placsntal microsomes and transformed 
human embryonic kidney CElls (293) transfected 
with human aromatase eDNA 
'"'"';,,,,~::,,,,,,,,,,,~:~,::::,::~,L,J A glyphosate-ba93d formulation, at 
non-overtly toxic conCEntrations, had the same 
effect.Thtormulation was more active at equiv -
alent doses than glyphosate alone. 

In human androgen recsptor and ERa and 
ERJ3 reporter gene assays using the Chinese 
hamster ovary CEll line (CHO-K1), glypho
sate had neither agonist nor antagonist activity 

(ii) Non-human mammalian experimental 
systems 

In vivo 

NodatawereavailabletotheWorkingGroup. 

In vitro 

,;;;~;,;~,;,;;;;:;;;;,;,,;,;;;,;;;;;,;,,,,,,;;,;;,,,,;;;;,;,,;,,"""""";;;;::,:;;;;;;,;,,,/,, and ;,,,;;;;,;;;,,;,,;;;;;,,;,,;;,;,,wm:::;,;c,,,,;;;;,;,;, 

;;;::;;,",::~,,,;,L, reported that glyphosate and a glypho
sate-based formulation inhibited aromatase 
activity in microsomes derived from equine 
testis. reported an absorb
anCE spectrum consistent with an interaction 

Glyphosate 

betwesn a nitrogen atom of glyphosate and 
the active site of the purifiedequine aromatase 
enzyme. 

In the mouse MA-10Leydig CEll tumour CEll 
line, a glyphosate-based formulation (glypho
sate, 180 mg/L) markedly reduced [(Bu1] 
cAMP-stimulated progesterone production 
,,,;;,,;,;;;;;;,:;;,,,,,,;;:;,;;,,,,,,,,;,;,;;,,,;;;;,;;;,,;;;;,,::;,, Thm hi bit ion was dose-de -
pendent, and occurred in the absenCE of toxicity 
or parallel reductions in total protein synthesis. 
In companion studies, the formulation also 
disrupted steroidogenic acute regulatory protein 
expression, which is critical for steroid hormone 
synthesis. Glyphosatealonedid notaffec1steroi
dogenesis at any dose tested up to 100 !Jg/L 

thatglyphasate (300!-IM) 
had noeffecton testosteroneproduction in a novel 
murine Leydig CEll line (BL TK1).Giyphosatedid 
not modulate the effectof recombinant human 
chorionic gonadotropin, which served as the 
positive control for testosterone production. 

(iii) Non-mammalian experimental systems 

Gonadal tiffiUe levels of testosterone, 17~Hstra
diol and total microsomal protein were signifi
cantly reduced in adult snails (Biomphalaria 
alexandrina) exposed for 3 wesks to a glypho
sate-ba93d formulation (glyphosate, 48%) at 
the LC10 (10% lethal conCEntration) 

Theseffectspersisted aftera 
2-wesk recovery period, although the impact 
on 1713-estradiol was reduced in the recovery 
animals. ThOOrmulation also induced marked 
degenerative changes in the ovotestis, including 
absenCE of almost all the gametogenesis stages. 
CYP450 181, measured by enzyme-linked 
immunosorbentassay (ELISA), was substantially 
increased in the treated snails, includingafterthe 
recovery period. 

Glyphosate (0.11 mg/L for 7 days) did not 
increase plasma vittelogenin levels in juvenile 
rain bow trout ,;,,:,L::::::,::::,;;,,;,;;,;,,;,;"""""';;,>;,,:;:,;;:, 
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IARC MONOGRAPHS -112 

(b) Otherpathways 

(i) Humans 

Studies in expored humans 

No data wereavai lable to the Working Group. 

Human cells in vitro 

Glyphosate did not exhibit agonist activity in 
an asc::ay for a human pregnane X recsptor (PXR) 
reporter gene in a CHO-K1 cell line ,,,,,,,,,",,z,;;,,,,,,,,~,,,, 

(ii) Non-human mammalian experimental 
systems 

In vivo 

In rats, glyphosate (300 mg/kg bw, 5 days per 
week, for2weeks) had noeffec1on the formation 
of peroxisomes, or the activity of hepatic carni
tine acetyltransferase and catalase, and did not 
causehypolipidaemia,suggestingthatglyphosate 
does not have peroxisome proliferator-activated 
recspto r activity ,,,::,,::::;,;,;J,::::,,,,,,,c,:,,;;,:,;,,,,,,,,;;,,,,,,;;;,:,:,1 

In vitro 

Glyphosate was not an agonist for mouse 
peroxisome pro I iferator -activated recsptors 
PPARa or PPARy in reporter gene asc::ays using 
CV-1 monkey kidney cells in vitro ,;,,:::::;J,:,,;,:,,:::::,,,~,,,:,,,,,,,,,,,, 

Glyphosate was also not an agonist for the 
aryl hydrocarbon recsptor in mouse hepatoma 
Hepa1c1c7cellsstably transfected with a reporter 
plasmid containing copies of dioxin-responsive 
element \ ,;:,;;;::;;,;;,;:;;;;;;;;;s,,;;,,,,;;;,;;,,;;,;,;,;,;,,%;;;;;c;;;;;;,;;;; J 

(iii) Non-mammalian experimental systems 

As a follow-up to experiments in which 
injection of glyphosate, or incubation with a 
glyphosate-based formulation (glyphosate, 
48% ), caused chick and frog (Xenopus laevis) 
cephalic and neural crest terata characteristic of 
retinoic acid signalling dysfunction, s,~;,,"''''""''"''; 

,,,,,,,,,;;,,:,L,;,,;,,,,,~,,,,,,,,,,,::,,,, measured retinoic acid activity in 
tadpoles exposed to a glyphosate-based formu
lation. Retinoic activity measured by a reporter 
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geneasc::ay was increased by the formulation, and 
a retinoicacidantagonist blocked theeffect.This 
indicated a possible significant modulation of 
ret i noic acid activity by glyphosate. 

4.2.3 Oxidative stress, inflammation,and 
immunosuppression 

(a) Oxidativestress 

(i) Humans 

Studiesinexpored humans 

NodatawereavailabletotheWorkingGroup. 

Human cells in vitro 

~veral studies examined the effects of 
glyphosate on oxidative stress parameters in the 

human keratinocytecellline HaCaT.,;;,'"'"'"''"'''"''::s:,;;,,;,:,:,,,, 
,;,;;;;;;;:,;;,;;;,,, found that a glyphosate-based formu
lation was cytotoxic to HaCaT cells, but that 
addition of antioxidants reduced cytotoxicity. 
l;;;;,L,L::::,,,,;,,,;::::,L::,::",,'''',:,,,,,,,,;,,,,,,,;,:::::,,:,,:::,: showed that incubation 
of HaCaT cells with glyphosate at 21 mM (the 
half maximal inhibitory concentration for cyto
toxicity, IC50) for 18 hours increased production 
of hydrogen peroxide (H20 2)asshown bydichlo
rodihydrofluoresceindiacetate asc::ay. Similarly, 
,,,,g;;,;;;;,;;;,;,,;;;y,,;;,,,,:;::,,,,,,,",'''''''''''''''''"''''''''";;,;;;,,;,;;;,1 exposed HaCa T cells 
to a glyphosate-based formulation (glyphosate, 
41%; concentration, up to 0.1 mM) and evalu
ated oxidative stress using the dichlorodihydro
fluorescein diacetate asc::ay. Theformulation 
(0.1 mM) increased maximum oxidant levels 
by approximately 90% compared with vehicle, 
an effect similar to that of H 20 2 (100 mM). 
Pre-treatment of the cells with the antioxi
dant N-acetylcysteine abrogated generation of 
oxidants by both the formulation and by H20 2. 

N-Acetylcysteinealso inhibited cell proliferation 
induced by the glyphosate-based formulation 
(0.1 mM). [ThWorkingGroup noted the recog -
nized limitations of using dichlorodihydrofluo
rescein diacetate as a marker of oxidative stress 
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and that the studies that reported this end-point 
as the sole evidence for oxidative stress should 
thus be interpreted with caution.] 

,;;;C,L,!::::::::;,,;;~,;,;,,m,;;;;,,,m,;;:;,L,;;,,,,,););;;,:;,~,,,),£, evaluated the effects 
of glyphosate, AMPA (the main metabolite of 
glyphosate), and aglyphosate-based formulation 
on oxidative stress in HepG2 cells. Thlormula -
tion, but not glyphosate or AMPA, had adverse 
effects. Specifically, the formulation increased 
levels of reactive oxygen species, nitrotyrosine 
formation, superoxide dismutase activity, and 
glutathione, but did not have an effecton cata
lase or glutathione-S-transferase activities. 
,::::::::::::,::,:::::,:m::::,m,,,;;,,,,,,,,,;,,;,;,,,,m::,::::,::,,:,m:,J,,, exposed Hep2 cells to a 
glyphosate-based formulation (glyphosate as 
isopropylamine salt, 48%) at the LC20 (concen
tration not otherwise specified)and evaluated 
various parameters of oxidative stress. Exposure 
to the formulation for24 hours increased catalase 
activity and glutathione levels, but did not have 
an effecbn superoxidedismutaseor glutathione
S-transferase activity. 

Using blood samples from non-smoking 
male donors, examined 
the effectsof in-vitro exposure to glyphosate on 
oxidative DNA damage in primary lymphocyte 
cultures and on lipid peroxidation in plasma. Both 
parameters weresignificantlyelevated at glypho -
sate concentrations of 580 !Jg/ml (-3.4 mM), 
but not at lower concentrations. :s: :M:::::n,:rvd::c:::IA'':' 

;r;;,;,;;;;;,:,:mm::f::::::m;,,,,;;£, examined the effectsof glyphosate, 
its metabolite AMPA, and N-methylglyphosate 
(among other related compounds) in human 
erythrocytes isolated from healthy donors. The 
erythrocytes were exposed at concentrations 
of 0.01-5 mM for 1, 4, or 24 hours before flow 
cytometric mEaSurement of the production of 
reactive oxygen species with dihydrorhodamine 
123. Production of reactive oxygen species was 
increased by glyphosate (;::: 0.25 mM), AMPA 
(;::: 0.25m M ), and N-methylglyphosate(;::: 0.5m M ). 

Glyphosate 

(ii) Non-human mammalian experimental 
systems 

Most of the studies of oxidative stress and 
glyphosatewereconducted in rats and mice, and 
examined a range of exposure durations, doses, 
preparations (glyphosate and glyphosate-based 
formulations), administration routes and tissues. 
In addition, various end-points were evaluated 
to determine whether oxidative stress is induced 
by exposure to glyphosate. Specifically, it was 
found that glyphosate induces production of fres 
radicals and oxidative stress in mouse and rat 
tissues through alteration of antioxidant enzyme 
activity, depletion of glutathione, and increases 
in lipid peroxidation. Increases in biomarkers of 
oxidative stress upon exposure to glyphosate in 
vivo have besn observed in blood plasma 

I iver \b::::::I::d::t!!Js:;;:J,,,s;;Ls;,t!,,,,,,,l,::~,,,;L,, 
ski n \,::;;,;;;;;;,:m,;;p;;,;,m:;;;,;,,,;;;;,;ym,;;;,;;;,,:m:;, J 

brain studiesdemon-
strated similar effectswith a glyphosate-based 
formulation in the I iver U:C:,\;;,;;J:,:::::'::;~L:::::::::':i,::\:,;;;;;;;;;,;;,;cmm:::::::;;,;m' 

and brain or with a pesti
cide mixture containing glyphosate in the testes 

Pre-treatment with antioxi
dants has besn shown to mitigate the induction 
of oxidative stress by a glyphosate-based formu
lation and by a pesticide 
mixture containing glyphosate ,,,,,;;:::,:::,::;,,,;,,::,::::,;,;;,:::,,,::::,,:,:::: ,. 

DNA damage associated with oxidative stress 
afterexposure to glyphosate (e.g. as reported in 
f::::',!;;L'',:::':;;;;m;,;;;;;;;;;,;,;,;,,,;;,;;,;,,;,,:mm;,;;;;;;;,;,, 1 iS reviewed in S:!ct iOn 4 .2.1. 

(iii) Non-mammalian experimental systems 

Positive associations betwesn exposure to 
glyphosate and oxidative stress were reported in 
various tissues in aquatic organisms (reviewed in 

Glyphosate and various 
glyphosate-based formulations have besn tested 
in various fishspecies for effectson a plethora 
of end-points (e.g. lipid peroxidation, DNA 
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damage, expression of antioxidant enzymes, 
levels of glutathione), consistently presenting 
evidencs that glyphosate can cause oxidative 

stress in fist( ,2:;;2:~:::::~,;,::::;;,::::",;,;,,;;;;;;,,:x:,;",1,:?~;,;;;,:::;,:c;,, ""'"''~:,,;,;;;;;;,~''''''"'''"''"''''"'~'"'" 

""''"""'""""''''""'""""""::"""m'""""'''"''"::,;,,,;;;::,:,m,,::;;,;;,m,,,,,,,~,m,,,,,,,,,,,~,,,, Similar effects 
were otl:erved in bullfrog tadpoles exposed to 
a glyphosate-basecl formulation 

and in the Pacificoyster exposed to a 
pesticide mixture containing glyphosate ,,,,,;e:,:;,,,,,,,,,,:;;:;,,,, 

(b) lnflammationand immunomodulation 

(i) Humans 

Studies in expored humans 

No data wereavai lable to the Working Group. 

Human cslls in vitro 

investigated the 
effects of glyphosate on cytokine production 
in human peripheral blood mononuclear cslls. 
Glyphosate (1 mM) had a slight inhibitory effect 
on csll proliferation, and modestly inhibited 
the production of IFN-gamma and IL-2. The 
production of TN F-a and I L -113 was not affected 
by glyphosate at concsntrations that significantly 
inhibited proliferativeactivity and T -csll-derived 
cytokine production. 

(ii) Non-human mammalian experimental 
systems 

nflamma 
tory effects:lf glyphosate and farm air sam pies in 
wildtype C57BL/6and TLR4+ mire, evaluating 
csllular response, humoral response, and lung 
function. In the bronchoolveolar lavage fluid 
and lung digests, airway exposure to glyphosate 
(1 or 100 !Jg) significantlyincreased the total csll 
count, eosinophils, neutrophils, and lgG1 and 
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lgG2a levels. Airway exposure to glyphosate 
(100 ng, 1 !Jg, or 100 !Jg per day for 7 days) also 
produCEd substantial pulmonary inflammation, 
confirmedby histological examination. In addi
tion, glyphosate-rich farm-air samples signifi
cantly increased circulating levels of IL-5, IL-10, 
IL-13and IL-4 in wildtype and in TLR4+ mire. 
Glyphosate was also tested in wildtype mire 
and significantlyincreased levels of IL-5, IL-10, 
IL-13,and IFN-y (but not IL-4). Th~lyphosate
inducsd pro-inflammator)effectSNeresimilar to 
those induCEd by ovalbumin, and there were no 
additional orsynergisticeffectSNhen ovalbumin 
was co-administered with glyphosate. 

Pathological effects of glyphosate on the 
immune system have been reported in 13-week 
rat and mousefeedingstudiesbythe NTP 

Relative thymus weight was 
decreased in male rats exposed for 13 weeks, 
but increased in male mire. Treatment-related 
changes in hcematological parameters were 
otl:erved in male rats at 13 weeks and included 
mild increases in hcematocrit [erythrocyte 
volume fraction] and erythrocytes at 12 500, 
25 000, and 50 000 ppm, hcemoglobin at 25 000 
and 50 000 ppm, and platelets at 50 000 ppm. 
In female rats, small but significant increases 
occurred in lymphocyte and platelet counts, 
leukocytes, mean corpuscular hcemoglobin, and 
mean corpuscular volume at 13 weeks. 

b::Jsl!:"'s'lm,J,!,::~:i,,L,?,studied the humoral immune 
response in female CD-1 mire given drink
ing-water containing a glyphosate-basecl formu
lation at concsntrations up to 1.05% for 26 days. 
Thel icswerei noculated with sheep erythrocytes 
to producs a T -lymphocyte, macrophage-de
pendent antibody response on day 21 of expo
sure. Antibody production was not affected by 
the formulation. 

(iii) Non-mammalian experimental systems 

A positive association between exposure to 
glyphosate and immunotoxicity in fishhas been 
reported. reported alterations 
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in haematological and immune-system parame
ters in silver catfish( Rhamdia que/en) exposed 
to sublethal conCEntrations (10% of the median 
lethal dose, LC50, at 96 hours) of a glypho
sate-basecl herbicide. Numbers of blood eryth
rocytes, thrombocytes, lymphocytes, and total 
leukocytes were significantly reduCEd after 96 
hoursofexposure, while the number of immature 
circulating CElls was incressed. ThEj!>hagocytic 
index, serum bacteria agglutination, and total 
peroxidase activity were significantly reduCEd 
after24 hours of exposure. Significantdecreases 
in serum bacteria agglutination and lysozyme 
activity were found after10 days of exposure. 
No effecton serum bactericidal and complement 
natural haemolytic activity was seen after 24 
hours or 10 days of exposure to glyphosate. 

;~;;;;wm;;~;~:::;;;;'""L;;~;,;t,"""";;;,;;,w,,,;,;;,,;;,;,,,,,,,5,m!"";;;;;;t:;;;;;,,J,, demonstrated effects 
of a glyphosate-based formulation (glyphosate, 
48%) at 1/1000 of the conCEntration recom
mended for fieldapplication on humoral and 
CEllular immune response in bolti fish( Tilapia 
nilotica). Thmitogenic responsesofsplenocytes 
to phytohaemagglutinin, concanavalin A, and 
lipopolysaccharide in fish exposed to glypho
sate for 96 hours were gradually decressed and 
reached maximum depression after 4 weeks. 
Glyphosate also produCEd a conCEntration-de
pendent suppreg:;ion of in-vitro plaque-forming 
CElls in response to sheep erythrocytes. 

4.2.4 Cell proliferation and death 

(a) Humans 

(i) Studies in exposed humans 

NodatawereavailabletotheWorkingGroup. 

(ii) Human CElls in vitro 

Cell proliferation potential was explored 
in HaCaT keratinocytes exposed to a glypho
sate-based formulation (glyphosate, 41%; 
conCEntration, up to 0.1 m M) ,,,z:,,::::::,,:m:Y/);"'""""""'''"'""";x;:,;m:,,;;;,;,,,,,,,,;,,,", 

ThEformulation incressed the number of 
viable CElls, as assessed by the M TT assay (based 

Glyphosate 

on reduction of the dye 3-(4,5-dimethylthia
zol-2-yl)-2,5-diphenyltetrazolium bromide) at 
conCEntrations up to 0.1 mM, while conCEntra
tion-and incubation-time-dependent reductions 
wereseen at higherconCEntrations(upto 1 mM). 
ThOOrmulation (0.01 or 0.1 mM for 72 hours) 
significantlyenhancsd CEll proliferation (meas
ured by staining for either proliferating CEll 
nuclear antigen or 5-bromo-2-dEDxyuridine); 
at 0.1 mM, the increases exceeded levels for the 
positive control, tetradec:anoyl-phorbol-13-oo
etate. ThEj!>roportion of S-phase CElls (assessed 
using floVI.Cytometry) and the expression of G1 /S 
CEll-cycle regulatory proteins (cyclins 01 and E, 
CDK2, CDK4, and CDK6) incressed afterexpo -
sure to the formulation or the positive control. 

,,,,,J,,,,,,,,,,,,,m;,;,;,,,,,,,,,,,,;;;;:;;;,,,,:m,:::J, reported that glyphosate and 
AMPA inhibited CEll growth in eight human 
canCEr CEll lines, but not in two immortal
ized normal prostate CEll lines. An ovarian 
(OVCAR-3) and a prostate (C4-2B) CEll line 
showed the greatest loss in viability, with glypho
sateor AMP A at 15-50 mM. Further assays were 
conducted on AMPA, but not glyphosate, in two 
prostate canCEr CEll lines (C4-2B and PC-3), and 
found CEll-cycle arrest ( decressed entry of CElls 
into S-phase) and incressed apoptosis. [The 
Working Group noted that the findingsfrom 
these assays with AMPAareofunclear relevanCE 
to the effects of glyphosate.] 

Glyphosate (1G-6 to 1 !JM) incressed growth 
by 15-30% relative to controls in hormone-de
pendent T47D breast canCEr CElls, but only 
when endogenous estrogen was minimized 
in the culture medium (by substitution with 
10% dextran-charcoal treated fetal bovine 
serum). Glyphosate did not affect the growth 
of hormone-independent M DA-MB231 breast 
canCEr CElls cultured in either medium 

Glyphosate (up to 30 !JM) did not show CEll 
proliferation potential (5-bromo-2-deoxyuri
dine) and did not activate c:aspase 3 or TP53 in 
human neuroprogenitor ReN CX CElls '";;;,,,;;,:,,;,;;;;,,;w,:z;,,,,,,,,,;,,, 
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~veralstudiesevaluatedtheimpactofglypho

sate or glyphosate-basecl formulations on apop
totic csll death in the HepG2 human hepatoma 
csllline. Glyphosate-basecl formulations induCEd 
apoptosis in HepG2 cslls, while glyphosate alone 
wcs generally without effector showed effects 

at oonsiderably higher ooncsntrations "'';''"'"'"''''"'"""" 

;,,;:;;,;,;,,tz;,;;;,,;,,,;,,' :~:d',::t:::z,L:C;!,,:£,!:333;,;,!;,,}:!L:,;,,:!:£::c,I:,!:) For exam pie, 23.5% 
of the nuclei of HepG2 cslls exposed to a glypho
sate-basecl formulation showed oondensed and 
fragmented chromatin (P< 0.01), and ccspases 
3 and 7 weresignificantlyactivated, both effects 

being i nd icat ive of apoptosis ,,,,,;:,;,;;;;:;:,:"','''"''''''''''''''''"";,,,,,,,,,,, 
Caspases were unaffected by glyphosate 

or AMPA alone. Glyphosate and AMPA did 
not affectcsll viability at ooncsntrations up to 
1000 mg/L, aooncsntration that increased rather 
than decreased csll viability after 48 and 72 
hours of incubation. In oontrcst, rei Is exposed to 
glyphosate-basecl formulation at lower ooncsn
trations were not viable. Similarly,,;,;;,;;:;,;;;;;,,,,,,,,,;;:;;,,,,,,,,,,,,,,,,, 

reported that a glyphosate-based formu
lation (glyphosate, 48%) induCEd apoptotic csll 
death in HepG2 cslls. Apoptosis wcs indicated 
by activation of ccspases 3 and 7, and the sign if
icant fraction (17.7%)of nuclei with oondensed 
and fragmented chromatin (P< 0.001). 

In studies with glyphosate and nine different 
glyphosate-basecl formulations in thres cslllines, 
glyphosate alone did not increase the activity 
of adenylate kinase The 
activity of ccspases 3 and 7 wcs significantly 
increased by glyphosate in HepG2 and embry
onickidney HEK293cslls, and elevated (although 
not significantly)about 1.8 times above oontrol 
levels in placsntal choriocarcinoma JEG-3 cslls. 
Two formulations oontaining an ethoxylated 
adjuvant induCEd adenylate kinase activity to a 
greater extent than ccspase activity. All formu
lations were reported to be more cytotoxic than 
glyphosate. [In ooncsntration-response curves, 
glyphosate showed an effecton mitochondrial 
succinate dehydrogenase activity, a mecsure 
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of csll viability, that wcs similar to that shown 
by one formulation. ThErnlculated 50% lethal 
ooncsntration in JEG3 cslls for mitochondrial 
succinate dehydrogenase activity wcs greater for 
thresformulations,although thevaluesappeared 
inoonsistent with the ooncsntration-response 
a.Jr\6] 

In HUVEC primary neonate umbilical oord 
vein cslls, and 293 embryonic kidney and JEG3 
p lacsntal csll I i nes, ,t~''~[,~;;;~:i:i,'ii!""'''''''":;,,,,,,,,,,,,,,,""'''''''''';,,,,,,,,,;,,;;,,;:::,,,,,,, 
found that glyphosate at relatively high ooncsn
trations induCEd apoptosis, cs indicated by 
induction of c:aspases 3and ?,and DNA staining 
and microsoopy.Atoomparableor lowerooncsn
trations, four glyphosate-based formulations all 
caused primarily necroticcsll death. Thembil -
ical oord H UVEC cslls were the most sensitive 
(by about 100-fold) to the apoptotic effectsof 
glyphosate. 

,,;,,,,,,,,,,;,,,,,;;;,;,,,,,,,,,,,,,,,,,,,;,;;;;,;;,,,,,,,,,",, evaluated apoptosis in 
immortalized human keratinocytes (HaCaT) 
exposed to glyphosate (5--70 mM). Based on 
annexin V, propidium iodide and mitochondrial 
staining, exposures leading to 15% cytotoxicity 
gave evidencs of early apoptosis, while increases 
in late apoptosis and necrosis were observed at 
higher levels of cytotoxicity. 

(b) Non-human mammalian experimental 
systems 

(i) In vivo 

In male Wistar rats, glyphosate (10 mg/kg 
bw, injected intraperitoneally thres times per 
wesk for 5 wesks) reduCEd, but not significantly, 
the inner mitochondrial membrane integrity of 
the substantia nigra and csrebral oortex 
,,,,,,,,,:;,;,;,,;;;;;,;%,;,;,,,,;;;,::::, Caspase 3 activity wcs unaltered in 
these tissues. Mitochondrial cardiolipin oontent 
wcs significantly reduCEd, particularly in the 
substantia nigra, where calpain activity wcs 
substantially higher. Glyphosate induCEd DNA 
fragmentation in the brain and liver. 

EPA-HQ-2016-010431_00001199 



(ii) In vitro 

In adult Sprague Dawley rat testicular cslls 
exposed in vitro, glyphosate (up to 1%; for 24 or 
48 hours)did not provokecsll-membranealtera
tions However, caspase 3 and 
7 activity increased with exposure in ~rtoli cslls 
alone, and in ~rtoli and germ csll mixtures. On 
the other hand, aglyphosate-based formulation (a 
0.1%solution, containing 0.36 g/L of glyphosate) 
induCEd membrane alterations and decreased 
the activity of caspase 3 and 7 in Leydig cslls, and 
in ~rtoli and germ csll mixtures. In a s:!parate 
study, glyphosate increased apoptosis in primary 
~rtoli csll cultures from mics ,,~;z;,;,,:~:::c:'::!:,,,:"::s"",,"'"";,:w~:i:;;;,,L::,~J-

Giyphosate (5-40 mM, for 12, 24, 48, or 72 
hours) significantly increased csll death in a 
time- and concsntration-dependent manner 
in differentiated rat pheochromocytoma PC12 
(neuronal) cslls Apoptotic 
changes included csll shrinkage, DNA fragmen
tation, decreased Bcl2 expression, and increased 
Bax expression. Both autophagy and apoptosis 
were implicated, as pre-treatment with the 
pan-caspase inhibitor Z-VAD or the autophagy 
inhibitor 3-MA inhibited csiiiO$. 

Induction of apoptosis by glyphosate or 
glyphosate-based formulations was also studied 
in other csll lines. Glyphosate (10 !JM) induCEd 
apoptosis in rat heart H9c2 cslls, the effectbei ng 
enhanCEd when glyphosate was given in combi
nation with the adjuvant TN-20 (5 !JM), 

A glyphosate-based formulation 
induCEd apoptosis in mouffi 3T3-L 1 fibroblasts, 
and inhibited their transformation to adipocytes 
\},;;,;;;;:;;,;;,;,;,,;;m;,;;,,,;~:::m:,o;;i!;c,,LE:::) A glyphosate-based form u-
lation (10 mM) did not increase rat hepatoma 
HTC csll death, but did affect mitochondrial 
membrane potential u,~,L5::3!::::s;,;;;t::i!c:!7:L,S2!.,,3,,1L:;,"'1,1,:,'2:s,':::£:::!, 

Glyphosate (up to 30 !JM) did not activate 
caspase 3 or show csll proliferation potential 
(5-bromo-2 '-deoxyuridine) in a mouffi neuro
progenitor csll line, but did activate Tp53at the 

Glyphosate 

highest concsntration tested 

4.2.5 Other mechanisms 

No data on immortalization, epigeneticalter
ations, altered DNA repair, orgenomicinstability 
afterexposure to glyphosate were available to the 
Working Group. 

4.3 Data relevant to comparisons 
across agents and end-points 

No data on high-throughput screening or 
other relevant data wereavai lable to the Working 
Group. Glyphosate was not tested by the Tox21 
and T oxCast research programmes of the govern-
ment of the USA '''"'';;,;;;;,;;m;,;;~,;;;;;,;;,,;;~!:m:;,;Z,LL,w~;,;;;;,,:,i:;;,; m;,,,;,;;;;;;,m::~!;,;;;;Z,L;m:, 

4.4 Cancer susceptibility data 

No studies that examined genetic, life-stage, 
or other suscsptibility factors with respect to 
advers:! health outcomes that could be associated 
with exposure to glyphosate were identifiedby 
the Working Group. 

4.5 Other adverse effects 

4.5.1 Humans 

In the USA in the past decade, poison-control 
csntres have reported more than 4000 exposures 
to glyphosate-containing herbicides, of which 
ffiveral hundred were evaluated in a health-care 
facility, and fatalities were rare ,,,,;,:::;m;,s,m;:::,;;::;;,;;,,;;;,;;;; .• m!,!;:!J· 

In a pesticide surveillancs study carried out by 
the National Poisons Information ~rvics of the 
United Kingdom, glyphosate was among the 
most common pesticide exposure implicated in 
ffivereor fatal poisoning cases between 2004 and 
2013 Deliberate poisonings 
with glyphosate resulting in toxicity and fatality 
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have been reported in many countries, including 
Australia Denmark 

Taiwan' China '"'"""''"~::;;::cd~,,c~'"'~L~ccc:::,;,;;,;;~~c:,::;:,~"''""' 
Thai lan<( :::,;"':"'::"';:;;,;"'"'''"'''''"'"''""''""'"'''";;;;"';"':m;;;z,;"'"'':;;"',;""'"""''"~':;;"';"';"',;"',;;;,;;,~:::: 1 

Glyphosate demonstrated no potential for 
photo-irritation or photo-sensitization in 346 
volunteers exposed dermally on normal or 
abraded skin On the other 
hand, reportedsevereburns 
afterprolonged accidental dermal exposure to a 
glyphosate-based formulation. 

4.5.2 Experimental SyStems 

Glyphosate wcs tested in nine regulatory 
submissions included in the Toxicity Reference 
Database (ToxRefDB) and reviewed by the EPA 

,;;,,;;"'""'';;"'"'"'""'"'''""'''""'"'"''"'":' Specifically ,study design, treatment 
group, and treatment-related effect information 
were captured for four long-term studies and/or 
carcinogenicity studies, oneshort-termstudy, two 
multigenerationstudiesof reproductivity,and two 
studies of developmental toxicity. ThENTP also 
tested glyphosate in a 13-week study in rats and 
mice ,,;;;;;"',;"',;;,;;;,;"'"''""'';;;;;;"'"'"':m;;;,;;,;;;;;,;"'"''':;~;;';,;mc;;,,"";"'"';;;m,;;;,;;;;;;j 

In a long-term combined study of toxicity 
and carcinogenicity in rats given glyphosate 
at nominal doses of 100, 400, and 1000 mg/kg 
bw per day, inflammation was observed in the 
stomach mucosa of females at the intermediate 
and highest doses In males 
at the highest dose, liver weight, cataracts and 
lens degeneration in the eyes, and urine specific 
gravity were increased, while body weight, body
weight gain, and urinary pH were decreased. 
Pancreatic acinar cell atrophy wcs observed in 
males at the highest dose. Pancreatic inflamma
tion was also observed in male rats at the highest 
dose in a short-term study (nominal doses of 50, 

250, and 1000 mg/kg bw per day) '""'''"'"'"'"'"'"'''"''"'"'"'"':"':':"'::::"':"'' 
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In the study by the NTP, cytoplasmic alteration 
wcs observed in the parotid and submandibular 
salivary glands of rats ( "';;;;;,:~,::::,:m"''"''";;;;;,~;;,;"',;"',;;;;;;;;"',;"';;,;;;;"';"'"'''"'~''"''''":;;;,;;;;r 

In a study of carcinogenicity in mice given 
glyphosate at doses of 150, 1500, or 4500 mg/kg 
bw per day, liver hypertrophy and necrosis were 
observed in males at the highest dose \:::;,:,,,;,mm;;"';;,~:"';;;;;,,;;;,;;;;J 
Other effectS n males at the highest dose included 
increased testes weight, interstitial nephritis, and 
decreased body weight. In females at the highest 
dose, ovary weights were increased, proximal 
tubuleepithelial basophilia and hypertrophywcs 
observed, and body weights were decreased. In 
the study by the NTP,cytoplasmicalteration wcs 
observed in the parotid salivary glands in mice 

Developmental and reproductive toxicity 

In a study of developmental toxicity in 
rats given glyphosate at a dose of 300, 1000, or 
3500 mg/kg bw per day, reduced implantation 
ratesand fewer livefetuseswereobserved in dams 
at the highest dose In fetuses at the 
highest dose, unossifiedsternebra were observed 
and fetal weight was reduced. 

5. Summary of Data Reported 

5.1 Exposure data 

Glyphosate is a broad-spectrum herbicide 
that is effective at killing or suppressing all 
plant types, including grasses, perennials, and 
woody plants. Theerbicidal activity of glypho -
sate was discovered in 1970 and since then its 
use has increased to a point where it is now the 
most heavily used herbicide in the world, with 
an annual global production volume in 2012 of 
more than 700000 tonnes used in more than 
750differen1products. Changes in farming prac
tice and the development of genetically modi
fiedcrops that are resistant to glyphosate have 
contributed to the increase in use. 
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Theres little information available on occu -
pational or community exposure to glyphosate. 
Glyphosate can be found in soil, air, surfacs 
water and groundwater, as well as in food. It 
has been detected in air during agricultural 
herbicide-spraying operations. Glyphosate was 
detected in urine in two studies of farmers in 
the USA, in urban populations in Europe, and in 
a rural population living near areas sprayed for 
drug eradication in Columbia. However, urinary 
concsntrations were mostly below the limit of 
detection in ffiveral earlier studies of forestry 
workers who sprayed glyphosate. Exposure of 
the general population occurs mainly through 
diet. 

5.2 Human carcinogenicity data 

In its evaluation of the epidemiological 
studies reporting on cancsr risks associated with 
exposure to glyphosate, the Working Group 
identifieds:!ven reports from the Agricultural 
Health Study (AHS) cohort and ffiveral reports 
from c:cB:!-COntrol studies. Th~HS cohort, the 
pooled analyses of the c:cB:!-COntrol studies in 
the midwest USA, and the crcm-Canada study 
were considered key investigations bec:aus:l of 
their relatively large size. Reports from two 
or more independent studies were available 
for non-Hodgkin lymphoma (N HL), multiple 
myeloma, Hodgkin lymphoma, glioma, and 
prostate. For the other cancsr sites, results from 
only one study were available for evaluation. 

5.2.1 NHL and other haematopoietic cancers 

Two large c:cB:!-COntrol studies of N HL from 
Canada and the USA, and two c:cB:!-COntrol 
studies from Sweden reported statistically signif
icant increased risks of NHL in association with 
exposure toglyphosate. For the study in Canada, 
the association was seen among th093 with more 
than 2 days/year of exposure, but no adjustment 
for other pesticides was done. ThEIDther thres 
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studies reported exc::;eg:,es for N HL associated 
with exposure to glyphosate, afteradjustment 
for other pesticides (reported odds ratio were 2.1 
(95% Cl, 1.1-4.0); 1.85 (95% Cl, 0.55--6.2); and 
1.51 (95% Cl, 0.77-2.94).Subtype-specificanal
yses in a Swedish c:cB:!-COntrol study indicated 
positive associations for total N H L, as well as all 
subtypes, but this association was statistically 
significantonly for the subgroup of lymphocytic 
lymphoma/chronic lymphocytic leukcemia (OR, 
3.35; 95% Cl, 1.42-7.89). An elevated risk (OR, 
3.1; 95% Cl, 0.6-17.1)was also found for B-csll 
lymphoma in an European study ba93d on few 
c:a93S. One hospital-bas:ld c:cB:!-COntrol study 
from Francs did not finc:Bn association betwesn 
exposure to glyphosate and NHL (OR, 1.0; 95% 
Cl, 0.5--2.2) ba93d on fewexpOffid c:a93S. 

A roughly twofold exa:ss of multiple myeloma, 
a subtype of NHL, was reported in thresstudies: 
only among the highest category of glyphosate 
Us:!(> 2 days/year) in the large Canadian case
control study, in a c:cB:!-COntrol study from Iowa, 
USA, and in a French c:cB:!-COntrol study (all not 
statistically significant).ThE!SE!hres studies did 
not adjust for the effectof other pesticides. In the 
AHS, there was no association with N HL (OR, 
1.1;0.7-1.9).For multiple myeloma, relative risk 
was 1.1 (95%CI, 0.5--2.4) when adjusted for age 
only; butwas2.6 (95%CI, 0.7-9.4)when adjusted 
for multipleconfounders. Noexa:ss in leukcemia 
wasobffirved in ac:cB:!-COntrol study in lowaand 
Minnesota, USA, or in theAHS. 

In summary, c:cB:!-COntrolstudies in the USA, 
Canada, and Sweden reported increased risks 
for N H L associated with exposure to glyphosate. 
Thencreased risk persisted in the studies that 
adjusted for exposure to other pesticides. The 
AHScohort did not show an exa:ssof NHL The 
Working Group noted that there were exc::;eg:,es 
reported for multiple myeloma in thres studies; 
however, they did not weight this evidencs as 
strongly as that of N HL bec:aus:lofthe pcmibility 
that chancs could not be excluded; none of the 
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risk estimates were statistically significant nor 
were they adjusted for other pesticide exposures. 

5.2.2. Other cancer sites 

No association of glyphosate with cancer 
of the brain in adults wcs found in the Upper 
Midwest Health case-control study. No associa
tionsinsinglecase--controlstudieswerefoundfor 
cancers of the OESOphagus and stomach, prostate, 
and soft -tissue;arcoma. For all other cancer sites 
(lung, oral cavity, colorectal, pancrecs, kidney, 
bladder, brecst, prostate, melanoma) investigated 
in the largeAHS, no association with exposure to 
glyphosate wcs found. 

5.3 Animal carcinogenicity data 

Glyphosate wcs tested for carcinogenicity in 
male and female mice by dietary administration 
in two studies, and in male and female rats by 
dietary administration in fivestudies and in 
drinking-water in one study. A glyphosate-based 
formulation wcsalso tested in drinking-water in 
one study in male and female rats, and by skin 
application in one initiation-promotion study in 
male mice. 

Thenwcs a positive trend in the incidence 
of renal tubule carcinoma and of renal tubule 
adenoma or carcinoma (combined) in males in 
one fesding study in CD-1 mice. Renal tubule 
carcinoma is a rare tumour in this strain of mice. 
Nosignificantincrease in tumour incidencewcs 
sesn in female mice in this study. In the second 
fesding study, there wcs a significant positive 
trend in the incidence of haemangiosarcoma 
in male CD-1 mice. No significant increase in 
tumour incidence wcs sesn in female mice in 
this study. 

For the five fesding studies in rats, two 
studies in the Sprague-Dawley strain showed a 
significant increase in the incidence of pancre
atic islet cell adenoma in males-one of these two 
studies also showed a significant positive trend 
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in the incidences of hepatocellular adenoma in 
males and of thyroid C-cell adenoma in females. 
Two studies (one in Sprague-Dawley rats, one 
in Wistar rats) found no significant increase in 
tumour incidenceatanysite. Onestudy in Wistar 
ratswcs inadequatefortheevaluation because of 
the short duration of exposure. 

lnthestudyinWistarratsgivendrinking-water 
containing glyphosate, there wcs no significant 
increase in tumour incidence. 

A glyphosate-based formulation wcs found 
to be a skin-tumour promoter in the initiation
promotion study in male Swiss mice. The study of 
aglyphosate-based formulation in drinking-water 
in Sprague-Dawley rats wcs inadequate for the 
evaluationbec:auseofthesmall numberofanimals 
per group, and the limited information provided 
on tumour histopathology and incidence in indi
vidual animals. The:Etudiesofachemical mixture 
containing glyphosate were considered inadequate 
toevaluatethecarcinogenicityofglyphosatealone. 

5.4. Other relevant data 

Direct data on absorption of glyphosate in 
humanswerenotavailabletotheWorkingGroup. 
Glyphosate wcs detected in the urine of agricul
tural workers in several studies, and in the blood 
of poisoning cases, indicative of absorption. 
Some evidence for absorption through human 
skin (-2%) wcs reported in studies in vitro. 
Thaninor role of dermal absorption wcs also 
shown in a study in non-human primate model 
in vivo. However, no study examined the rates 
of absorption in humans. In rodents, several 
studies showed up to 40% absorption afteroral 
administration of a single or repeated dose. 

Glyphosate wcs mecsured in human blood. 
No data on parenchymal tissue distribution 
for glyphosate in humans were available to the 
Working Group. In rats given glyphosate by oral 
administration, concentrations in tissues had 
the following rank order: kidneys >spleen >fat 
>liver. Repeated administration had no effect 
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on the distribution of glyphosate. In a study in 
rats, the half-life of glyphosate in plasma was 
estimated to be more than 1 day, indicating that 
glyphosate is not rapidly eliminated. 

In the environment, glyphosate is degraded 
by soil microbes, primarily to aminomethyl
phosphonic acid (AMPA) and carbon dioxide. 
Glyphosate is not efficientlymetabolized in 
humans or other mammals. In rats, small 
amounts of AMPA were detected in the plasma 
and in the colon, with the latter being attributed 
to intestinal microbial metabolism. In humans, 
small amounts of AMPAaredetectable in blood 
in cases of deliberate glyphosate poisoning. 
Few studies examined the pos:;ible effects of 
glyphosate-based formulations on metabolizing 
enzymes, but nofirm::onclusionscould be drawn 
from these studies. 

Studies in rodents showed that systemically 
absorbed glyphosate is excreted unchanged 
into the urine, and that the greatest amount is 
excreted in thefaea3S, indicating poor absorption. 
Glyphosate was detected in the urine of humans 
who were exposed occupationally to glyphosate. 
AMPA has also besn detected in human urine. 

Glyphosate is not electrophilic. 
A large number of studies examined a wide 

range of end-points relevant to genotoxicity with 
glyphosate alone, glyphosate-based formula
tions, and AMP A. 

Thereis strong evidence that glyphosate 
causes genotoxicity. Thevidence bcEe includes 
studies that gave largely positive results in human 
cells in vitro, in mammalian model systems in 
vivo and in vitro, and studies in other non-mam
malian organisms. In-vivo studies in mammals 
gave generally positive results in the liver, with 
mixed results for the kidney and bone marrow. 
Thend-pointsthat havebesn evaluated in these 
studies comprise biomarkers of DNA adducts 
and various types of chromosomal damage. 
Tests in bacterial assays gave consistently nega
tive results. 

Glyphosate 

Theevidence for genotoxicity caused by 
glyphosate-based formulations is strong. There 
were three studies of genotoxicity end-points 
in community residents exposed to glypho
sate-based formulations, two of which reported 
positive associations. One of these studies 
examined chromosomal damage (micronucleus 
formation) in circulating blood cells before 
and afteraerial spraying with glyphosate-based 
formulations and found a significant increase 
in micronucleus formation after exposure in 
three out of four differentgeographical areas. 
Additional evidence came from studies that gave 
largely positive results in human cells in vitro, in 
mammalian model systems in vivo and in vitro, 
and studies in other non-mammalian organ
isms. Thend-pointsthat wereevaluated in these 
studies comprised biomarkers of DNA adducts 
and various types of chromosomal damage. 
Thq!>attern of tig;ue specificityof genotoxicity 
end-points observed with glyphosate-based 
formulations is similar to that observed with 
glyphosate alone. Tests in bacterial assays gave 
generally negative results. 

For AMPA, the evidence for genotoxicity 
is moderate. While the number of studies that 
examined the effectsof AM PA was not large, all 
of the studies gave positive results. Specifically, 
genotoxicity was reported in a study in humans 
in vitro, a study in mammals in vivo, a study in 
mammals in vitro, and one study in eels in vivo. 

Strongevidenceexists thatglyphosate, AM PA, 
and glyphosate-based formulations can induce 
oxidative stress. Evidence came from studies in 
many rodent tig;ues in vivo, and human cells in 
vitro. In some of these studies, the mechanism 
was challenged by co-administration of antiox
idants and observed amelioration of the effects. 
Similar findingshave besn reported in fishand 
other aquatic species. Various end-points (e.g. 
lipid peroxidation markers, oxidative DNA 
adducts, dysregulation of antioxidant enzymes) 
have besn evaluated in numerous studies. This 
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increased the confidencmf the Working Group 
in the overall database. 

Thereis weak evidence that glyphosate 
or glyphosate-based formulations induce 
receptor-mediated effects. In multiple experi
ments, glyphosate-based formulations affected 
aromataseactivity; glyphosatewasactive in a few 
of these studies. &lme activity in other nuclear 
receptor -mediated pathways has besn ol:a:lrved 
for glyphosate or glyphosate-based formula
tions. In one series of experiments, glyphosate 
was not found to be a I igand to several receptors 
and related proteins (aryl hydrocarbon receptor, 
peroxisome proliferator-activated receptors, 
pregnane X receptor). 

Thenis weak evidence that glyphosate may 
affectcell proliferation or death. ~eral studies 
in human and rodent cell lines have reported 
cytotoxicity and cell death, the latter attributed to 
theapoptosispathway.Studies that examined the 
effectiDf glyphosate alone or a glyphosate-based 
formulation found that glyphosate alone had no 
effect, or a weaker effect than the formulation. 

TherEis weak evidence that glyphosate may 
affectthe immune system, both the humoral and 
cellular response, upon long-term treatment in 
rodents. ~veral studies in fish,with glyphosate 
or its formulations, also reported immunosup
pressive effects. 

With regard to the other key characteristics of 
human carcinogens the Working 
Group considered that the data were too few for 
an evaluation to be made. 

~vere or fatal human poisoning cases have 
besn documented worldwide. In rodents, organ 
and systemic toxicity from exposures to glypho
sate are demonstrated by liver -weight effects:md 
necrosis in animals at high doses. Additionally, 
effects:m the pancrEaS, testes, kidney and ovaries, 
as well as reduced implantations and unossified 
sternebra were seen at similar doses. 

No data on cancer-relatedsusceptibility after 
exposure to glyphosate were available to the 
Working Group. 
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Overall, the mechanistic data provide strong 
evidence for genotoxicity and oxidative stress. 
TherEis evidence that these effectscan operate 
in humans. 

6. Evaluation 

6.1 Cancer in humans 

TherEis limited evidenCE in humans for the 
carcinogenicity of glyphosate. A positive asso
ciation has besn observed for non-Hodgkin 
lymphoma 

6.2 Cancer in experimental animals 

Theras sufficienevidenre in experimental 
animals for the carcinogenicity of glyphosate. 

6.3 Overall evaluation 

Glyphosate is probably carcina;p?ic to 
humans (Group 2A). 

6.4 R3tionale 

In making this overall evaluation, the 
Working Group noted that the mechanistic and 
other relevant data support the classificationof 
glyphosate in Group 2A. 

lnadditiontolimitedevidenceforthecarcino
genicity of glyphosate in humans and sufficient 
evidence for the carcinogenicity of glyphosate in 
experimental animals, there is strong evidence 
that glyphosate can operate through two key 
characteristics of known human carcinogens, 
and that these can be operative in humans. 
Specifically: 

• TherEis strong evidence that exposure to 
glyphosate or glyphosate-based formulations 
is genotoxic based on studies in humans in 
vitro and studies in experimental animals. 
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One study in several communities in indi
viduals exposed to glyphosate-based formu
lations also found chromosomal damage in 
blood cells; in this study, markers of chro
mosomal damage (micronucleus formation) 
weresignificantlygreater afterexposure than 
before exposure in the same individuals. 

• There is strong evidence that glypho -
sate, glyphosate-based formulations, and 
aminomethylphosphonic acid can act to 
induce oxidative stress based on studies in 
experimental animals, and in studies in 
humans in vitro. Thisnechanism has been 
challenged experimentally by administering 
antioxidants, which abrogated the effectsof 
glyphosate on oxidative stress. Studies in 
aquatic species provide additional evidence 
for glyphosate-inducsd oxidative stress. 
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